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The project has produced some 20'prqject reports over its years, including
yearly reports on procedures and implementation for that year and on the
year's data analysis. However, most of these are superceded by or included
in the seven-part Final Report (bound as a single 500-page document). Those

most relevant include:

#2. Project Handbook for CAI Coordinators, December 1976 (by Marjorie
Ragosta and others).

#11. Assessing Basic Arithmetic Skills Across Curricula, December 1978
(by Donald Alderman and others). Also in The Journal of Children's
Mathematical Behavior, 1979, 2(2). '

#14. Computer-Assisted Instruction and Compensatory Education: The ETS/
LAUSD Study. An Evaluation of the Costs of Computer-Assisted Instructionm,
(by Henry M. Levin and Louis Woo), October 1979. Reprinted as Part 7A of

Final Report (Project ReYort #19), and also in Economics of Education
Review, 1(1) Winter (198l), 1-25. ’

" #19. Computer-Assisted Instruction and Compensatory Education: The ETS/
LAUSD Study. Final Report, April 1982 (by Marjorie Ragosta, Paul W.
Holland, and Dean T. Jamison). ;

Part 1. Overview (36 pp.)
Part 2. Descriptive Study (122 pp.)
Part 3. The CAIL Curriculums (36 pp.)
. Part 4. The Effectiveness of CAI (187 pp; for technical reading)
R Part 5. Longitudinal Patterns of Student Attitudes in a Computer-
Assisted Instruction Curriculum (15 pp.) (by Philip Griswold)
Part 6. Assessment of the Effectiveness of Computer-Assisted

Instruction in the ETS-Los Angeles Study and a Comparison
of CAI with Several Intervention Strategies (65 pp; for
technical reading) (by Gene V. Glass)
Part 7A. An Evaluation of the Costs of Computer-Assisted Instruction’
(34 pp) (by Henry M Levin and Louis Woo)
Part 7B. Towards a Meta Cost-Effectiveness Analysis of Educational
Interventions (29 pp.) (by Henry M. Levin and William Seidman)
. #20. ComputewAssisted Instruction and Compensatory Education: The ETS/LAUSD
Study. The Executive Summary and Policy Implications, June 1982 (by
Marjorie Ragosta, Paul W. Holland, and Dean T. Jamison). .

The project also served as the basis for a symposium entitled "Computer~
Assisted Instruction: A Longitudinal Study" at the Annual Meetings of
the American Educational Research Association, April 1980, chaired by _
Robert A Davis,(U. I1linois at Urbana. Presenters 'included Dean Jamison
(World Bank), Marjorie Ragosta (ETS), Warren Juhnke (LAUSD Dep. Supt.),
Roberta Woodson (LAUSD Computer Lab Coordinator), and Paul Holland (ETS),
with a critique by Henry M. Levin (Stanford U.).

The project director also has a presentation scheduled at the 1983 (Montreal)
Annual Meetings of AERA and has been interviewed for several projected
articles in the mass media (N.Y. Times, Electronic Learning, ETS
Developments, and the premiere issue of the new journal Machine Mediated

Learning).
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Contents of the Final Report

This volume is the final report of a five-year study of compiter-

assisted instruction funded by the National Institute of Education and

conducted by Educational Testing Service and the Los Angeles Unified s

School District. In addition to the Executive Summéry,‘the final report
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of seven parts, the contents of which are described below:
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Executive Summary

School systems concerned with compensatory education have for years

&

sought techniques with three essential characteristics: effectiveness,

replicability, and costs within typical per~student Title I allocationms.

Funded by the National Institute of Educatibn, Educational Testing
Service (ETS) in conjunction with the Los Angeles Unified School District
(LAUSD).spent more than five years evaluating computer-assisted instruction
(CAL) for compensatory education. The results wefe heartening.

Four elementary schools were equipped with CAI iabs using terminals
and printers operated by a minicomputer. Computer-assisted instruction
was -provided by dfill-and-practice curriculums in mathematics, reading
and language arts leased from Computer Curriculum Corboration in Palo
Alto, California. Students were randomly assigned to the CAI curriculums
as part of the project's research design.

The curriculumsrproved to be effective in raising students scores -
not only on tests derived from the CAI curriculums (CSTs) but on stan-~
dardized tests as well. Fourth to sixth-grade students who received

ld minutes per day of reading CAI performed at the 60th-65th percentile
of students without reading CAI at the end of only one year. Similarly,
students receiving 10 minutes of language-arts CAI performed at the
54th-76th percentile of students without language arts. In most cases
those performance levels were maintained over three years with continued
use of CAI. The students in grades 1-6, who received up to 20 minutes
per day of mathematics drill=-and-practice un the computer, fared even
better. On standardized tésts of mathematics computation, CAI students

performed at the 64th percentile of their control groups at the end of

-1-
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only one year, at the 7lst percentile by the end of two years, and at the
76th percentile at the gnd of three years. On the CS?S they increased
from the 79th percentile in year 1, to the 82nd percentile in year 2,
to the 89th percentile by the end of year 3. The effeetiveness ofvall
three CAI curriculums was demonsfrated.
Replicability was demonstrated by fairiy consiszent results’over

the four years of the study. Although school environment and personnel
affect the CAI program, the drill-and-practice c:rriculums’themselves
interacted consistently with students across schools and across years.
The major inconsistency was the 8suitability of tﬁe reading‘and language
arts curriculums for all elementéry school students. Some students in
grades 4-6 wefe unable to use the curriculums because ﬁhey could not
read at a third grade level and a few were so fluéﬁt in English that they
completed the courses béfore the end of grade 6. The mathematics curricu-
lum, on the other hand, was used by studénts from kindergarten to sixth
grade and only two girls completed the program after having 20 minutes
per day of instruction from grade 2 - grade 5. )

- The per=-pupil cost éf the CAI program was within Title I allocations
for 1977-78. 1t cost about $100,000 a year to proyfde-a claséroom,

personnel and equipment for operating a CAI laboratory. Slightly more

L4

than one~third oflthe cost was for facilities and equipment, an equivalent
amount was spent on personnel and the remainder was spent on curriculum
rental, maintenance contracts and supplies. One 10 minute session of

CAI daily over the school year was estimated to cost abbut $130 using a

CCC-17 minicomputer to operate 32 terminals. Up to three 10 minute

[N -
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sessions of drill-and-~practice could be provided daily for each disad-
vantaged child at the 1977-78 level of Title I expenditure.

The cost-effectiveness of CAI vs. other intervention stratégies
was unable to be estimated within the constraints of the projegt. The
effectiveness of CAI was compared to the effectivengss of other interven-
tions: reduction in class size, tutoring,-insﬁfuctional television and
electronic calculators. Although the effectiveness of the mathematics CAI
curriculum appeared to approximate the effectiveness of tutoring, the
costs of interventions other than CAI were not immediately available for
comparison.‘

Iﬁ addition to effectiveness, replicability and cost, educational

administrators may be concerned about the acceptance of computer-assisted

instruction by school personnel. Although initial acceptance’ by teachers

3 s
+ /

was less than wholehearted, by the end of the study most tqécheré were

convinced of the value of CAI and supported it fully. Thé CAI coordina-
tors who managed the CAI labs were most enthusiastic ab;ut the help that
CAI gave in impréving students' skills. PrincipaIS/énjoyed bringing
visiLo;s—ég;the—CAl labs and parents filled the labs at every opportunity.
Students enjoyed the CAI program as well, although they sometimes complained
of the restrictions caused by the research design.

CAl:is real boring, but I guess it would.

be better if I had reading or language,

but I'm stuck with math.




»

by

Only 10-13 percent of students had any negafive comment, howa#er. Most
were strongly supportive:

Computers is an exciting event, every-

body is working and trying hard to get

one hundred percent. It fee%s like

we're a great Big family, just doing

our jobs, so I like computers...

I think the CAI program is fantastiéz
I think the program should be spread
through out ever§ school system in
America. '
The overall acceptance of the CAI program in Los Angeles was excellent.
In 1982, two years after the government support for the project ended, a

»

" the Los Angeles Unified School District is supporting the continued

operation of the CAI labs.

&
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INTRODUCTION

With the passage of the Elementary and Secondary Education Act of

Q

1965, the Federal Government throughﬁTitle I assumed a major role in

' solving the nation's problem of providing compensatory education for

disadvantaged students. The search began -for a technique of compensatory

education that combined three essential characteristics: effectiveness
in substantially improving the pérformance in basic skills -of the compén-

satory population, replicability beyond the original site, and costs

within typical per~student Title 1 allqcations.

AlA decade of developmental work, mostly centered atIStanfbr@ University's
Insaitute for MathematicaIDStudies, resulted ia a set of three computer- -
assisted instruction (CAI) curriculums for elementary-achool compensatory
education. _Early studies indicated that their costs fell Qell within
per-pupil Title I allocationsl and that use of the mathéma;ibs curriculum
over a éeriod of one year improved student performance in mathematics;

Since the cu;riculums were available for use with minicomputers or large
meinframe compaters, replicability of the compensatorylintervention could
‘be assured. |

If lheae CAI curriculums could be conclusively shown, over a period

of several years, to provide a pedagogically effective intervention; then

state and local educational authorities could be assured of having at

least one demonstrably satisfactory compensatory intervention at their

disposal. 1f, on the other hand, further research overturned the initially
positive findings, unnecessary outlays on this form of CAI could be

avoided. ' ‘ ' ;




A joint venture funded by the Nation;l Institute of Education (NIE)
was begun in 1976 by Educational Testing Service (ETS) and the Los
Angeles Unified School Di;trict (LAUSD) to examine these issues. The
purpoée of thevETS/LAUSD éomputer-assisted instrﬁction study was to
answer definitely the dues;ion of whether these available CAI curriculums
were effective. In partitular, the study which~exteﬁded overimofe than
five years, was designed to answéf the following ques;ions:

(1) Are these CAI curriculums effective with use during
one school year?

(2) Can the CAI curriculums continue to assist students
© over two or three years of their elementary-school.
experience?
Additional questions for which answers were sought were how weli students
_and school personﬁel accepted the ‘CAI program, and throﬁgh what possibie
mechanisms CAI achieved its effectiveness. In order to strengthen the
findings external congultants wéxe asked to do a cost-analysis of the CAIL
program as used in the study and to evaluate the CAI effectiveness data
from the study and comﬁare its effectiveness with othervintervention
.strategiés.
In thegé%ecutive summary of the results presented in the final report,
the following topics wi}i be covered:
« Background and Research Design
" « The Effectiveness of the éAI Curriculups .
+» Costs and Cost-Effectiveness

. Perspectives on CAI from School Personnel

. Implications for Schools

Fond
-
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‘Background and Research Design

"Four elementary schools in Area D (now.Area 4) of the LAUSD were
selected to receive CAI labs, and two additional elementary schools were
selected to provide comparison groups of students. Work on the construction
of the CAI labs began in September, 1976, and the labs were completed in
January, 1977. For the remainder of that school year, and for the next 3
years, at least half of the students in each of the CAI schools received
regular drill-and—practice instruction..

The study sought the most widely applicable drill-and-practice

computer programs in basic skills available for elementary schools in

1976. The following drill-and-practice CAI curriculums were leased from

Computer Curriculum Corporation in Palo Alto, California:3

Mathematics Strands: Crades 1-6. (Containing number concepts,

: horizontal addition, horizontal subtraction,
vertical subtraction, equations,,measurement,
horizontal multiplication,- laws of arithmetic,
‘vertical multiplication, division, fractions,
decimals, and negative numbers.) o
Reading: Grades 3-6. (Containing word attack vocabulary, literal

comprehension and work-study skills.)

Language Arts: Grades 3-6. (Containing principal parts; verb usage;

‘ subject-verb agreement; pronoun usage; contractions,
possessives and negatives; modifiers and sentence
structure.)

Reading-for Comprehension used in Grade &4, year 4 only. (Containing the
5 strands in the older reading curriculum plus a
paragraph strand. )

,Each of the curriculums was composed of multipll topics or strands avail~

able across several grade levels. The computer program adapted its delivery

i

of each strand of the CAIL curriculum to the performance level of each student

and moved the student along at the individual's wn rate of progress.
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Multiple~choice or open-ended q;eetions were presented one at a time on the
terminal ;creen and students typed in fheir responses. At the end of each
ld-minute seserbe, the students' scores were computed including: 'the number
df'items'attempted, the number of correct items, and the percent of items

correct.,

4 o

The Research Design

Y

/"

%

The research design determined not only which students weula--or
would not--receive CAl but also determined which CAI currieulum--or !
combination of curriculums--the student would be expoeed to. In the CAI
schools in year 1 all students;in'gfades 2, 4 and 6 feceived CAI; students
in grades 1, 3 and 5 served as cohort controls with no CAI. In.subsequent
years alternate waves of students continued to receive;-or not receive=--CAI.
The result was 12 one-year studies of éAI (three each year for four years)
thch combined to create three longitudinal studies of CAI: grades 1-3,
grades 2-5 and grades 4-6, | ’

A more important.control group was provided by the random.assignment
of students to their CAI curriculums (See Table 1). 1In grade 4, year 1,
for exampié, students were randomly assigned within classrooms either to
two sessions of methematics_CAI kMM) Oor one sessioe of reading and one of
language (RL)lor one session of mathematics and one session which alternated
‘between'reading and language’(MRL’. The RL group served as a control for _
the MM and MRL groups when the effectiveness of the matheqa;ics CAIX
curriculum was being aésessed and, conversely,’the MM group served as a

control in studies of the reading and language CAI curriculums. The CAI

assignments for the longitudinal studies are described below.




(NOTE: M = Mathematics CAI,

Grade 1

Grade 2

Table 1

CAl Treatment Over 4 Years

Grade 3’

Grade 4

R = Reading CAI, L = Language CAI, C = Reading for Comprehension CAI)

Grade 5

Grade 6

Random within Class

Random within Clrass

Year Random w#thin Class
1 M: 7 minutes MM: 20 minutes daily MM: 20 minutes daily
1976/ daily vs. vs.- . ;
1977 vs. RL: 20 minutes daily - RR: 20 minutes daily
MM: 14 minutes vs. vs. !
MR/L: 20 minutes daily| LL: 20 minutes daily
vs. )
RL: 20 minutes daily
Year _ Random by Class Random within Class Random within Class
2 M: 7 minutes . ML: 20 minutes daily MM: 20 minutes daily
1977/ daily vs. ve. ]
vs. MM: 20 minutes daily RL: 20 minutes daily
1978 . .
No CAIL . vs.
. \\\\\\\ MR/L: 20 minutes daily
~
N\
Year Random by Class Random within Class o, Random within Class
3 M: 10 minutes RL: 20 minutes 6@@» MM: 20 minutes daily
daily vs. vs.
1978
1979/ ve. . ! MM: 20 minutes 4%&) RL: 20 minutes daily
No CAI - N Random by Class ‘s vs.
AN A Rancom by 223%= MR/L: 20 minutes daily
N T. & Th. vs. M/W/F
A N
~Year Random within Class Random within Class Random within Class
4 M: 10 minutes daily M: 10 minutes daily RL: 20 minutes daily
1979/ vs. vs. vs. :
1980 L: 10 minutes daily R: 10 minutes daily MM: 20 minutes daily
vs.
L: 10 minutes daily
vs. ' \
C: 10 minutes daily
10 .
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Grades 1-3 Only the mathematics CAI curriculum was available
in 'grades 1 and 2. Classrooms were randomly assigned
to the CAI labs and students had 10 minutes of drill
and practice in mathematics daily. In grade 3, students
were randomly assigned within classrooms to ejther
mathematics or language CAI for 10 minutes daily. In
this longitudinal study students were randomly assigned
to CAI independently each year. Assignments were not
automatically carried over from one year to the next.

Grades 2-5 In grade 2 students received one or two seven-minute
sessions of mathematics CAI. . In grade 3 they received
two 10-minute sessions of CAI daily, either two sessions
of mathematics (MM) or one. session of mathematics and
one of .language (ML). Those students who received
ML in grade 3 received reading and language (RL) during
grades 4 and 5, while MM students continued to reteive
double sessions of mathematics. Once students were
assigned to the MM curriculum in grade 3, they continued
their assignment through grade 5 while ML students in
grade 3 converted to an RL assignment for grades 4 and 5.

S

Grades 4-6 All three CAI curriculums were available to this group
from their initiation into CAI. One-third of the group
received two sessions of mathematics CAI daily (MM),
one-third received one session of reading and one of
language daily (RL), and one-third received one session
_of mathematics and one session of reading alternating
with language (MR/L). Students continued their fourth-
grade assignments in grades 5 and 6, while new students
continued to be randomly assigned.

The two oﬁerear'studies not covered by a description of the loﬁgitudinal
thdies were grade 6 in year 1 and grade 4 in year 4. The latter study
was deéigned to test the independent effectiveness of the reading and

language curriculums and a newer reading—for-comprehension curriculum.

Statistical Methodblogx?

Students were tested each fall and spring with both standardized "
éésts;-the I;wa Tests of Basic Skills (ITBS) an? the Comprehensive Tests of
Basic Skills (CTBS)--and curriculum specific tests (CSTs). The CSTs for
each grade level were composed of 100-120 questions taken directly from

each of the CAI curriculums. The roles of the standardized tests and

’
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curriculum-specific tests were diffefgéff The CSTs were designed specifi?
cally to measure whether or not each og the CAI curriculums was successful
in improving students' performance on the curficular material. Although
the CTBS items were not directly related to the CAI curricuiums, the CTBS
Qas used as a standardized measure of generél performance in mathematics,
reading, and language arts. Treatment effecfs on the CSTs esfimate
the upper bound of CAIL effectiveness while the CTBS effects estimate the
lower bound.

The éummary statistical measure of the effectiveness ofvthe various
CAl curriculums was an estimated treatment effect derived from a re-
gression énalysis in which the é&ffect was adjusted for pretest scores,
sex, etg;icity and classroom differences. The treatment effect was
standaréized by defining it as that propor;ion of the residual standard
deviation accounted for by_the greaﬁer (+) or lesser (-) numbers of
correct responses given by CAI students. The standardized treatment effect
was used to ayérage tﬁe effectiveness of CAI across varying numbers of
studies. Interpfetation of ‘the standardized treatment effect dgrives from
widely known norms for the rate of achievement growth per month of typical'
schooling. At mos£ elemeﬁtary school grades, for most measures of educational
achievement, the difference between the average pupil at the beginning and
end of the same grade is about 1.00 st&ndérd‘deviation units. One month
spent in school accounts on the average for a growth of 0.l10 standard
deviation units. In addition, the treatment effect in standard deviation
units can be used to determine (by area under the normal curve) the percentile
level of perférmance of one group over another. Thus, a 0.10 standardized
treatment corresponds. to the 54th percentile of the control group; a standard-

ized treatment effect of 0.30 is equivalent to the 62nd percentile.

P
L4
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The Effectiveness of the CAI Curriculums6

Thé three CAI curriculums--Mathematics Strands, Reading, and Language

Arts=--will be discussed separately.

Mathematics Strahds

The mathematics strands curriculum had fhe length and breadth to
handle all of the students in the CAI study over its 4-year duration.

All students were able to access the mathematics curriculum. .Even
kindergarten students,lghb were not in the study, visited the CAI lab in
one 9f the schools on a regular basis. Only two students completed the
mathematics CAl curriculum; both were girls who had been in the program
for 4 years, receiving 20 minutes of mathematics CAI daily.

Students at all grade levels ben;fitted from the CAI mathematics
qurricqlum and there were in&ications that long~-term students shoﬁed contin-
1ing gains over time. Theré were 12 one-ye;r studies gf the CAI mathematics
curriculum, six two-year studies, and three three-year studies. An over-
view of the mathematics studies is presented in Table 2, with single-year

studies indicated by the striped rectangles and multi-year studies

indicated by the longer diagonal lines.

Table 2

The Mathematics Studies

, GRADES
. YEAR i 2 | 3 L | 5 § |
: 7= 7
2 Z t
3
) |

o
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Statistical results. There were four measures of CAI treatment effects

in mathematics: the curriculum-specific test (CST), and three subtests of
the CTBS--computation, concepts and applications. “For each of the Teasures,
treatment effects for mathematics CAI were defined in terms of standard
deviations above opmgglow the adjusted mean performance of students without
. . —— e )

mathematics CAI and were averaged“for one-year, two-year, and three-year

studies. The results are presented in Table 3.

Table 3

~

Sumﬁary-of the l-Year, 2-Year, and 3-Year
Studies of Mathematics CAI

Number of '
; Studies - Mean Standardized Performance Level

Averaged Treatment Effects in Percentiles
Tests YR "2¥R 3YR  IYR  2YR 3¥YR  IYR 2YR 3¥R
Math CST) 12 6 3 .80%*  ,91k% 1.23%% 79 82 .89
CTBS Computation 9 6 2 . 36%* . 56%* JT2%% 64 71 76
"CTBS Concepts 7 5 2 -.02 12 .09 49 55 54
CTBS Applications 7 5 2 .03 .12 .26 51 55 60
CTBS Concepts & 2 1 0 . 34%* .50 - 63 69 -
Applications1 o

** p < ,01l.

lln grades 1 and 2 Concepts and Applications is a single subtest.

For the CSTs, the average treatment effect for the 12 one-year studies
was .80 of a standatd deviation, indicating that students receiving mathematics
CAl were, on the average, four=-fifths of a standard deviation Qigheg than
other students in mathematics performance on the CST at the end of one year.
For the 6 two-year studies, the average treatment effect was‘.91 and for the

3 three-year studies was 1.23. Over time, the mathematics CAL groups

increased their mean distance from the non-mathematics CAI groups on the

23
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tests of the CAI curriculum, The éST results indicate tha£ the mathematics
strands curriculum was’effective in giving students drill-and-practice in
nathematics computation. 'Students in the mathematics CAI curriculum outper-
formed other students on the test of their CAI curriculum. . Results for the
standardized test are less striking but similar.

On the standardized test=--the CTBé——the 12 one-year studies showed an
. average treatment effect of .31 standéqd,deviation on mathematics computation.
That figure rose to an average of :éé'when first year studies were omitted
(because testing occurred §nly two mqnths'after the.CAI labs openedl. For
the 6 two-year studies the average tréatment'effeét was .56, and for the 2
three-year studies was ,72. Over time, the mathem;tics CAI groups increased
their distance from the non-mathematics CAI groups on the CTBS compﬁtation

_ subtest. )
On the CTES concepts énd applications subtests, the results were less
clear. In grades 1 and 2 concepts and épplicaiion problems comprise one
subtest. CAl treatment effects in the 3 one-year studies averaged one-third
of a standard deviation and were statistically significant. The one two-year
study reportéd a treatment effect of +50. Of the 9 one~year studies at
grade 3 or higher, the mean'CAI tréatment effects on mathematics concepts
and applications were Flose to zero. When the 5 two-year studies were
averagedy the mean effects for cbnceﬁts and applications were .12 and .12.
Mean treatment effects for conéepts and applications in the 2 three-year
studies were .09 and .26.
Discussion. The Mathématics Strands curriculum was desighed to provide
drill-and-practice CAI in computation. The CST and the CTBS coméutation

subtest prbvided the best indicators of the curriculum's effectiveness in

helping students improve computational skills. Results from both measures

~

indicated significant treatment effects due to use of Mathematics Strands °

[N

]
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curriculum for only one year'and increasing treatment effects with itsAuse
ov;r‘two and three years. The CST énd the CTBS computation sust;st tell
similar stories; they differ only in -the degree to which they separate
mathematics CAI students fromktheir CAI controls. Plots of normal curves
derived from the standgrdized_;reatment effects for the éST and CTBS computa-
tion subtests are presented in Figures 1l and 2. Both plots show increasing
separation over time between scores of users and non-users of the mathématics
CAI curriculuﬁ. The CST data show greater gains than the CTBS data, consistent
wifh earlier statements‘Fhaq\the CSTs might repfesent an upper bound of true

R “

treatment effects.

-

The mean performance‘of mathematics~CAIl students oh the CSTs was at the
3. :

79th percentile of control gtudents at the end of one year, at the 82nd
percentile at the end of two years and‘at the 89th percentile ét the end of
thfee years. IEY the CTBS computation data mean performance levels of
mathematics CAi‘students were at the 64th percentile of control students
after one year, 71st percentile aftervtwo years and 76th percentile after
three.ygars. )

The treatment effects for students in grades 3-6 on Concepts and
Applications may be uﬂderestimates of the true effect in mathematics
since the subtests were composed of word problems which required both
mathematical and reading ability and the (within CAI) control groups in
these analyses had received reading and language arts CAI. A separate
but coordinated investigation into the solution processes of users and
non-users of the mathematics CAI curriculum7 found no differences between
the two groupsain their understanding of mathematics. However, the data

from two-year and three-year studies presented here would seem to indicate

that the CAIl mathematics curriculum was helpful in increasing scores on the

applications subtest and perhaps on the Concepts subtest as well.

20
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Figures 1 and 2 ¢

EFFECTS OF MATH CAI ON MATH CST'S OVER 3 YRS
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. YEAR 3

YEAR 1
"YEAR 2
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YEAR 1
YEAR 2
YEAR 3
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An additional patterqvemerged‘from the longitudinal data for grades-

4=6 wherevsbmé students received two sessions of mathematics CAI (the MM

. . effects for the MRL'gro;p were about half the size of the treatment
\ effects for the MM grq§p both on the mathemaéics CSTs and ‘the computatibn
\ subte;t of the CTBS.8[' |

Overall, the gathematics strands curriculum perfofmed very well. It

adapted to studenfs‘of all ability levels and provided éffecfive dfill-

l \‘ - ‘group) while others received only one session (the MRL .group). Treatment
{ oo

and-practice{in mathematics computation. ‘The effectiveness of the
=cur}icu1um wa; demoﬂstratéd both in one-year studies and over two- and

| three-year periods. Increased amounts of mafhematiCS'CAIfeither within

the school &ear Or across schodl'years were associated with higher test

scores both on curriculum~specific tests and standardized tests. -

Reading and Language Arts

The CAI reading curriculum used in this study was developed for
students in grades 3-6 and gohtained a strand of basic senténces which
purported to reach students at grade level 2.5. For tﬁe §£udents in our
study, those estimates were misleadiné. At grade 4 in year 1, many
students assigned to the reading~language (RL) CAI treatment were trans-—'
ferred to the MM groﬁp because they were non-English-sﬁeaking, non-readers,
or limited-English~speaking sfudents who d;d not read English. Those
students wer; then excluded from the analy%es. It was clearly a drawback
tha;'acéessibility fo the reading drill-andlprécﬁiCe CAl curricﬁlum wés'

dependent on an ability to read relatively well. fAt the other extreme,

in grade 6 the reading CAI curriculum sometimes proved to be too easy. A

0

~
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few students "topped'out".of the reading curriculum (i.e., completed it)
during the early fapid-mo;ion phase in which the computef determines a
student's initial abili;y-levgl. A few students assigned to 2 sessions
cf reading daily topped outrwithin a few months although, generally
speaking, progress was very‘;léw in the reading curriculum.

'The language curriculum was desiéned for students in grades 3-6 and

because its vocabulary was simpler than ihat in the .reading curriculum it

l

caused fewer problems of accessibility in the early grades. On the other

hand, it caused more frequent problems in grade 6 with students topping

B

out.” Relatively large numbers of studentsﬂhho were assigned to 2
sessionshbf language CAI daily in the latter half of sixth grédentopped

out of the curriculum in the rapid motion phase and others topped out

\
b

within a few months. Progress in the language curricuium was more rapid
than prégreés in reading. For students interested in achieving, the more
rapid'progrgss waé.pleaging. 0f the.students asgigned‘to both reading

and language arts, most preferred the language curriculum because of the

more rapid movement.

o

The'leﬁgth and breadth of the reading and language CAI curriculums

did not purport to be as great as the mathematics CAI curriculum and

N .

perhaps this‘is less of a problem for the use of the curriculums in
£

elementary schools than it was for the evaluation of the curriculums in

this study. Schools, after gll, do not generally assign students randomly

0

jto a CAl cgfriculuﬁ. HowéQér,:there were--aﬁd are-—limitations to the
uée of these specific reading and language curriculums even though they.
were the broadest available hhen the study started. Perhaps with newer

3

technology a reading/language CAI curriculum could be built which would

23




“have the broad.applicability (grades 1-6) that the mathematics s;fands
" curriculum enjoys.

Reading. Tablé 4 summarizes the one-, two—, and three-year studies

pe

of reading. Since the CAI reading curriculum was used only in grades

4-6, there were only seven one-year studies, three two-year studies, and

1 hd B v

one three-year study.

Tanle -

The Reading étudies

' GRADES

- YEAR 1 2 | 3
1
2
3

on cur}icuium-gyeciffq tests of reading, the mean treatment.effect
for-the,séven oﬁe-year studies was .44 indicating that students exposed
to feadiﬁg CAI for one year averaged'moré théh‘two—fifths of a §tandaid
deQiation higher than students expoéed to othef CAI curriculums. Tﬁe
pattern of the seven scbres, hbwever, may be moré‘enlightening than the
mean. The treatment éffects for grade 4 in ;ll-three years and for grade
6 in year 1 were all sﬁatisticallf significantvand averaged .59. The
treatwent effects for,grade 5 in both yea;s.énd grade 6 in féar 3 were
not significant and éveraged .29, The significant effects were obtained

when students were exposed to reading CAI for the first time. -In years
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subsequent to the first year of exposure, the reading CAI students
”éoqtinued té'pgrform better than mathematics CAI students both on the
pretest and posttest adminis;ratiohs of the readiﬁg CST but they did not
increase their gains significantly. The three two-year studies showed a
mean treatment eféect‘of «52 while the éingle three~year study had a ~
treatment effect of .42. Summaries of thé mean CAI treatmént effécts for

sfhden;s receiving reading CAIL are given in Table 5.

Table 5

Summary of the l-Year, 2-Year, and 3~Year
Studies of Reading CAI

‘ Number of . R
Studies ’ : Mean Standardized Performance Level
- Averaged Treatment Effects in Percentiles
Tests | 1IYR 2YR 3YR IYR  2YR  3¥R IYR  2YR 3YR
Reading CST 8 3 1 L38%%  52k%x 42 65 70 66
CTBS Vocabulary 8 3 1 .25% - .17 .58 60 57 72
CTBS Comprehension 8 3 1 $23%*%  ~ 01 “-,24 59 50 41
. ** p < ,01.

On thé vocabulary and comprehensio%‘subtests of the CTIBS, results
were mixed. On the basis of the single three-year study, one might reach
‘the conclusion that the vocabulary skills of CAI students imﬁroved,o?er.
three &ears.v But the data also seem to indicaté decreéslng ability of

© CAI students to deal with reading comprehension; Whether a consistent
pattern failed to emerge because of'some quality of the curriculum, the

effects of the bottoming-out and topping=-out phenomena on the research

design, or some other factor, is not immediately obvious.
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During the final jear of the CAI study a newer reading-for—éoupre-
‘hension curriculum was evaluated along with the older reading curriculum.r
The newer curriculum resembled its predecessor except that a strand of para-
graph comprehensiou.had beenvadded. Students who were assigned to the
reading-for-comprehension curriculum éid better than students assigned to
reading, lauguage arts or mathematics CAI both on the reading comprehension
and on the language-expressiou subtests of the CTBS.

Language. Table 6 summarizes the.one, two and three-year studies of
language arts CAI. There were 9 one-year studies, 4 two—year studies and

2 three=-year studies.

Table 6
Language Studies
GRADES

YEAR o1 2 3 4 .5

- —

h I

//, .
/\\\\% .

w

As was the case with the reading results, the CST treatment
effects in the first year of the study were the: largest obtained in the
four years even though students had received only four months of CAI in

that school year. However, all treatment effects in one-year studies
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inQolving‘the language CSTs were statlstically‘§ignificant for students
receiving 10 minutes of language arts CAI daily. There wés‘a‘greater
differentiation between the MM and .RL groups when tested on the content
of the language curriculum than the reading curriculum,  Mean CAl treatment
effects for one-, two- énd three-year studies of the language curficulhm
are bresented in Table 7.
Tableﬂ7y
Sumnary of the l-Year, 2-Ye5r, and 3-Year

Studies of Language CAI

4

Number of )
Studies - Mean Standardized " Performance Level
‘ Averaged Treatment Effects in Percentiles
Tests — IYR 2YR 3YR 1¥YR 2R 3YR  IYR 2YR YR
Language CST 0 4 2 JTLRR 7Rk L 73%% 76 78 77
CTBS Spelling 10 4 2 J14* 05 .14 - 56 52 56
CTBS Mechanics 10 4 2 L22%% - 27% .25 59 61 60
CIBS Expression 10 4 2 .1l .05 .23 54 52 59
* p ? .05.
** p < .01,

Mean treatment effects were averaged over 10 sets of data in the 9
one;year studies (RL or LL treatments), 4 sets of two-year studies and
two sets of three-year studies. Although all the treatment effects were
pbsitive, they failed to~éhow the pattern of incréasing gains-o§e1~three
?eag; demonstrated by the mathematics CAI curriculum. This may be due in
part to the problems ehtountered in the random assignment of studenfs to
reading‘?nd language CAI curriculums. ‘It may aléo be due to the fact

that RL students in grades’ 4-6 received only half as much time in reading

CAI or ianguage CAI as the students received in mathematics CAI. For

32
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whatever reason, CAI students in the reading and language arts curriculums
2
failed to demonstrate increasingly better test performance over multiple

years. However, éach of the verbally oriented curriéulums did demonstrate
an ability to help students iﬁprdve reading and language scores as
measured by curriculum-specifgc tes;s and by standardized tests.

In summary, each of the'CAI curriculums proved its effectiveness
although sonme curficulums-performed better than others. ‘The matheﬁatics

strands curriculum showed strong g%omise in longitudinal studies. The
NE

"reading and language CAI curriculumg\had less breadth but were both
, . \

capable of helping students to imprové\\ Computer-assisted instruction as
defined and used in this study was a powé%ful tool for increasing students'
skills in mathematics, reading and ladéuagé\arts.

1

CAI-Effectivenesé: A Second Look9

Gene Glass evaluated the CAI study and its measnurements, estimated

the effects of added CAI and the effects of replacing: some traditiomal

instruction by CAI and, finally, compared the effectiveness of CAI with

alternative methods of improving achievement.

He evaluated the usefulness of the various control groups in the same

way as the primary investigators-érelying most heavily on the within-CAI

controls derived from the randof assignment of students t

- N
)

o/CAI curriculums,

éonsidering the data from the cohort pontfol studies useful despite their
drawbacks, but rejecting the studies involving comparisoﬁ schools. - He

evaluated the standardized-test data superior to the c

urricufhm-specific
“ .

test (CST) data in estimating true treatment effects.
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Glass used meta-analytic techniques to estimate CAl treatment effects
on the standardized tests. He.analyzed the treatment effects from the
randomized studies as effects of added CAIL using the rationale that CAIL
students had equal exposure to whatever was taught in the classroom but
differential exposure to CAI curriculums in the CAI lab. The effect

sizes for 10-20 minutes of reading and language-arts CAI for one year

_ranged from a low of .15 of a'standatd deviation in spelling to a high of

+45 in ‘reading comprehension. For one year of mathematics CAIL, treatment

effects were estimated at 1/4 of a standard deviation for 10 minutes of

CAl daily and 1/2 of a standard deviation for 20 minutes daily. .

The effects of replacing part of traditional instruction by CAl were

~determined by a meta-analysis of several CAI vs. cohort-control studies.

The treatment effects were, in general, slightly lower for the cohort-~
control studies with the largest effects_occurring for mathematics
computation (.45 of a standard deviation) and language mechanics (1/4 of
a standard deviation).

Glass compared the CAI treatment effects with effects obtained using
other intervention strategies: reduction”in class size, tutoring,
instructional television, teacher-training, and electronic calculators.
While the effectiveness data from the.alternative methods of instruction
helped to place the CAI data in a slightlv more informative conteat, no
attempt was- made to evaluate costs. Although the effectiveness of the
mathematics CAIL curriculum,’fof exampie, appeared to approximate the
effectiveness of mathematics tutoring (the ultimate reduction in class
size), the instructional method of choice should be the one which is most

cost effective. Closure on the question of cost-effectiveness must await

further analysis. ' |
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CAl: The Cost Study10

Givén the study'sAfdéus on the educational needs of disadvanﬁaged
siudenté, tw§ questions arose pertaining to costs.‘ The first question
was based upon the assumption that fuﬂding for special educational
Serviceé for disadvantaged studernts is derived(primarily from special
categorical aid for that pﬁrposé, such as that received»uqaer Title Ivof'
the Eleméntary and Sécondary Education Act of 1965. Therefore, itlis
important toAknowlif CAI can be provided within the budget that is
available for these compensatory educatidﬁal services fo; disadvantaged
youngsters.’ Second,lit is important to know if the CAI approach can
improve the educational profiéiencies of disadvantaged students at costs
that are similar to or less than those associated with other instructional
alternatives.

The first issue is one of cost feasibility. If the costsJof this
CAl apptoach exceed the funds available for instructional purposes for
disadvantaged youngsters, it will not‘be Jithin the boundaries of feasi-
: b%lity. hThe second issue is one of.cost eifectiveness. Even if CAI can
be provided within the present budgets fo. compensatory education, it
should be adopted only if it provides Letter results relative to its
costs than do existing alternatives.

Cost feasibility was examined by Levin and Woo by estimating the
repliéation costs of the CAI approach used in the ETS/LAUSD experiment,
that is, the\cosf of replica;ing that system in other school settings.
Costs were limited to thosé associated with the deiivery.of CAl while
omitting costs that were tied uniquely to the experimental status of the

present system.

<)
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Based upon tﬁe ingredients approach to cost analysis, it was found
that up to three sessions of d;ill Anq.practice of 10 minu;es duration
could be provided daily for each disadvantéged child at the 1977-78
level of Title I:expenditures. This means that three different subjects
couldlﬁe provided, or that multiple sessions in one or two subjects could ’
be offered; for each child. As such, it appears that the instructional
strategy is cost feasible within present provisions for compemsatory
education. Utilizing bne A-f6 minicomputer fo opetate CAI labs in two -
schools increased costs‘rather éubstantially, but two sessions of CAI )
daily would still be feasible within 1977-1978 compensatory_educational
allocations. |

Levin and Woo also estimated costs for the more advanced CCC-17
ﬁinié;mputer systeﬁ, and somewhat surprisingly the costs were in the same
range as those of the older A-16. One 10-minute session of CAI daily
over the school year was estimated to cost about $130. 1In part,.this
fin&ing reflects the very heavy soétware componeht of CAl approaches,
and, in part, it may reflect the possibility that the CCC-17 is more
effective than the A-16. ; '

In 1977-78 it cost about $100,000 a year to provide a classroom,
personnel and equipment fdr servicing 32 terminals in a CAI laboratory using
an A-16 minicomputer. A reported breakdown of cost into five categories

is accompanied by percentages of fundsAexpepded for each category:

Facilities and equipment (including a 36%
classroom, computer, 32 terminals and printer)

: Personnel (1ncluding a CAI coordinator and 35% .
* two 3-hour teaching assistants)

Curriculum rental (from CCC) - 7%

-
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Maintenance (contracts for computer, 167
terminals and printer)

Miscellaneous factors (supplies, 6%
insurances, etc.) .

More than one-third of the cost was associated with persbnnel.

It is clear that a more exhaustive analysis of the merits of'different
CAI,approaches; as well as a comparison between them and other instructiongl
étrategies, will require effectiveness data as well as cost estimates.
Given'the data comparing the effectiveness 9f the current CcAl approach with
other intervention strategies,'it is hoped that a cost effectiveness Eomparison

can be made at some future date. The methodology for the cost~effective—

" ness study is included in the Final Report,

Perspectives on CAI from School Personnelll

.

The CAI program described in this summary was well received by
| most school pérsonnel. Principals liked the program and often brought o
visitors to ﬁhe CAI labs. Parents filled the lab during every open house
and were enthusiastic supporters of the program. Teachers, students and
CAI coordinators were most closeiy involved with the program. Their

perspectives will be discussed separately.

Teachers' Perspectives

Initial acceptance of the CAI program on the part of teachers

was less than wholehearted due, at least in part, to start-up problems
with the equipment and interruptions to classroom organization by beginning
the CAI program in mid-year. By the end of the first year some teachers

' )

were enthusiastic while others had reservations. By the time the study

ended, most teachers supported CAI fully and were convinced of its
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benefits to students. There were occasional complaints of less—~than-

perfect performance in two areas: disruption of the classroom by the CAI

°

.séhedule and dependability of the equipment. Even in these areas, ratings

were much more positive than negative. Overall, the CAI program received

very high ratings for being well-run, helpful, worthwhile, and successful.

Students

_Students were very enthusiastic about somputer-assisted instruction.
Tney were not alwsys enthusiastic about the specific assignment they
receiveq during the random assignment of students to curriculums, especially
when that assignnsnt continuéd for several'years. Examples of .the |

strongest negative responses from students when asked about the CAI

1

program included the following: -

CAI is real boring, but I guess it would be better if I
had reading or language, but I'm stuck with math.

* k k k %

I dont think computers are very fun I know that I'm learning
more than I would in my class aloan but I find CAI boring

you keep ori getting question after question I take only Math-M
and would find CAI more interesting if If I could do some thing
a little different once and a while. Truly, K.H.

Only 10~13 percent of student comments in any year were negative, however.
Mosﬁ students werevstrongly supportive of the program. The students

speak for themselves without editorial assistance:

I think that the Computer is fun and it can help you learn,
and to be smarter in class. A computer is a machine that
give you all the answere. A terminal is something that gets
it questions from the computer A computer is a nice thing to
have. It helps you in what you need to work on. And a
Computer is like a teacher. - It asks you questions and you
answer it. I think a compiter is more smarter than you are
and it is smarter than anything.

-
»

* k k k *

-

« 3~
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I think the computor is allmost the best class in this whole -
school. For one reason it helps you to understand things
that you dont understand and it helps you to know things
that you don't know. You want to know. One maore thing is I
like the teacher. They are very nice if you don't know
something all you have to do is raise your hand and they
will help you. I am very happy that we have computor in our
school. I wish that we would have got it earlier. I'm also
glad that we get to go everyday of the week.

<

* % % % % B

Computers is an exiting event, everybody is working and

trying hard to get one hundred percent. It feels like we're

a great big family, just doing our jobs, so I like computers
¢ even though sometimes I get a low score.

k Kk k k %

~ .

I think the C.A.I. program is fantastic. I think the
program should be spread through out every school system in
America. ) '

k %k Kk k X

Listen up and 1isten good.:}}I like these computers becouse
they help you learn new things, they....help you in lots of
ways. I have math and Im good at it but I wish I could be in
topics or reading. Now I have lots of friends that likes
computers and if you take them away we will be disapointed.
So you. better not tgke them away.

Data on student attitudes derive& from student questionnaires were

evaluated in a sepafate study.12 In that study.a greater sense. of

internal responsibility for success was found among CAI students when

compared to non-CAI students.

The CAI Coordinators

. X ' ,
The CAI coordinators were the most enthusias§i¢ supporters of the

CAI program. Each one had had years of experience as a classroom teacher
and became convinced that CAI was ﬁelping all students to improve their

skills. At the conclusion of the study they had many success stories to
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report as well as a. few failures. Where‘failures were identiffed, they
were associated with school failures in general"rather than CAIL in
Barticular. On the other hand; students who were not doing well in the
classroom occasionally did quite well in the CAI lab. AS a final.statement,
at the conclusion of the study the CAI coordinators agreed "It's a crime

2

to have the CAIL lab in use l%?s than full time.”

......

Implications for Schools

The ETS-1AUSD study has demonstrated the effectiveness of the CCC
mathematics reading and language arts courseware used in a pull-out program
. of drill-and-practice CAI. The effectiveness has been demonstrated both
inlone-year and longitudinal studies. What does this mean to school |
administratorsrand school boards who have to make decisions about educa-
tional issues? Does this study become a strong endorsement for computer-
. assisted instruction? Why did the results in this study occur? Wherein

lies CAl's effectiverness?

- The Comguter N

The effectiveness of CAI in the Los Angeles study was dependent

¢
©

on the computer only to the extent that the computer was a reliable in-
strument for disseminating the CCC software. 'The computers used in this
study were minicomputers, dedicated to running the CCC software._ They
are)were old-fashioned, outmoded, no longer sold through CCC, Nevertheless,
despite the fact that they contained none of\the accoutrements of newer

and more sophfsticated technology,rthey worked. And that is all that was

necéssary on the part of the computers'incthis study-=that they should be

reliable instruments directed by the CCC software.
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The CCC Software

The success ef CAI in the'Los Angeles study was in a large part

» . due to the CCC software. It was the courseware and the software necessary
to manage the;cou:seware that determined Qhat studenFs saw and responded

| to‘whilelshey were in'the CAI labs\' Criticisms.of,the CCC software--that
it, too; was old-fashioned cqmpared‘fg'the possibiiities associatedrwith°
newer technologies—-did not and could\hgt negate its effectiveness es
demonstrated in the study. The Mathematibs Strands curriculuq, in
pa;ticula;, demonstrated a remarkable power to increase the distance

between users and non-users -over the three years of the longitudinal

studies.

The CAI Program

The success of CAI in this stdd& may be due, inAsome part, to

the way.in which CAI was implemented. In eaeh of the.experimental‘ “
schools a CAI lab was established, a highly qualified teacher was trained
to serve as QAI coordinator in the lab, and a CAi program was iﬁplemented
whereby students attended the lab daily for one or two ;O-mihute sessions
of CAl. Standards of behavior in the CAI lab were established early and
maintained; behavior problems'were less apparent in the lab than in
general. The atmosphereﬂof the CAI labs was cheerful and work—-oriented.
Tight operating schedules were developed in ordef to aceommodate the many
students and ﬁﬁe schedules were maintained because of student/teacher

- cooperation. = The CAI program was a friendly and business-like enterprise,
cons}stently well run.” The CAI coordinators and teaching assfstants-—and

eﬁy adult who was present in the -CAI lab--helped answer students' questions.
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‘Motivation was enhanced by contests among classrboms for the bighestv
number of students with 80% or more correct”responses.ﬁ |

Ieachers had minimal respnnsibility for the success of the CAlL program
but had the'opportnnity te select the schedule which best fit their classrooms.

In the small schools with only 16 terminals in the CAIL lab, teachers remained

in their classrooms with half of their students while the other half went to

the lab. Teachers selected the groups of students to go to the CAI lab on
the basis of the teacher's classroom schedule, since the computer could

handle any student in any curriculum at any time. The same procedure was

followed with some upper grades in the larger CAI schools. That arrangement

provided teachers with two periods of time'daily when the teacher/pupil

ratio was half its normal size. In the larger Title I school where trans-=’

o

portation to and from the CAI lab might cause problems, teachers often

‘elected to bring the whole class to the CAI lab at the same time. Wherever
it was possible, teachers in grades 1 and 2 were encouraged to bring the
whole class to the lab so that extra ‘help could be ‘Provided to very young
students. CAI schedules were made up by the CAI coordinator with input and
« cooperation from the classroom teachers.
How can the findings of the study be generalised? Are other kinds

v

of CAI likely to bé‘more.or_less effective? These issues are a matter for
serious concern; Generalizability of the effectiveness data is possible T
only to the extent that components df the Los Angeles CAI program match

components of other configurations of CAI. In fact, many of the components

of the Los Angeles CAI program can be described in terms of the findings

\

of school effectiveness studies having nbthing to do with CAIL.
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Components of Effectiveness

In mastery-learning studies, a ¢r1terion-referenchv;estAis_giyeq
at the end of each learning uqit."The test determines which students have
mastered the unit and which need more help to achféve mastery.
Studentsvprovidgd.with feedback and extra time and help'obtain ghe skills
necessar& for éubseqﬁent learning tasks.  Studies comparing mastery-
learning classes with conventional classes have demonstrated the superiority
of mastefy-learning (Bloom; 1974).13 In the CAI study, the soft&are whicﬁ
drives the CCC courseware determines the initial mastery-level of each
student in each strand.of the curriéulum,‘plaées the student at the
appropriate entry level, and allows the student to progress within the
strand énly upon méstery'of material. .

Academic learning time (ALT).is defined as the time a student.is
engaged wigh academic matér;als or activities that yield a high success
rate wherein a student understands the task and makés iny occasional
errors. 'A major finding of the Beginning Teacher-Evaluation Study,

BTES (Berliner, 1979),1ﬁ was that increases in ALT are associated with
increases in student achievement. Because the CCC software a&apts the
entry lévél in the CAI_cufriculum,to the ability level of the student and

allows the student to progress only upon demonstration of mastery, a

°

student using the CCC éﬁrriculums has a high probaﬁility of success
‘during each and every CAI session. .
Early analyses from the BTES (McDonald & Elias, 1976)15 indicated

‘that direct instruction improved student learning. Direct instruction

‘ « ’ , .
was defined as having three components: (1) a component that explains

- whac.iq to be learned or models it or elicits its elements. by questioning

%
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(italics ours), (2) a component that provides the appropriate conditions
. for attempting what is to be.learned, and (3) a component -that provides -
feedback on how well the child is learning the task. The CCC courseﬁare

elicts by questioning; the software assures mastery of preceding elements

befd:e attempting further work; immediate feedback is given to every
student response and, for the benefit of both students and teachers, the

standing of each student within each strand of the cutr{éulpm is available

»

at any time.
Apart from the CAI curriculums, themselves, the CAI labs demon-

strated qualities that were found to be effectivq in other studies.

Adaptability and consistency of instruction were directly related

to instructional efficiency in é study of successful‘schoolé (Veﬁgzky &

Winfield, 1979).16 Use of tﬁe«CAI labs was a consiétqu pattérn for most

2

CAIl students who received 10-20 minutes of instruction over periods ub to

4 years. Although as many as 32 students were in the CAI lab at_any one

-

time, the CAI curriculum level covered aibrdad,raﬁge, adapting to the

ability levels of the students.

q . < PN

After reviewing others' research as well as his’own; Edmoggs (1979){7
summarized the characteristics of effectiv; schools as havipg)(l) strong
administrative leadership,ﬁ(Z)‘CIimaté of expectation offachievemeg;, (3) an
orderly quiet‘atmosphere; néither rigid ngr-oppressive, (4) a belief in thel_
importance of student acquisition of basic skills, and~ﬂs>lfrequéﬁt monitoring
of student progfess. The CAI labs in; the stud&Aweré fuﬁ by CAI éoordinétors
w@o were, themselves, strong tQachersT;hd éood program-leéders who. ran o

:the‘bright and cheerfﬁlylabs‘in a bugihéps-like way and monitored sgudent

progress in basic-skills areas. o

e

[3eY
.~
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Gage (1978)l developed a set of inferences for maximizing student achieve=
- ment in third grade from a study of the research.

.--Teachers should have a system of rules allowing pupils to-
~* attend to personal and procedural needs without having to check
‘with the teacher.

~-Teachers should move around the room a lot, monitoring pupils'
seatwork and communicating to their pupils an awarenéss of
behavior while attending to academic needs.

--For independent pupil work, -teachers should insure that

assignments are interesting and worthwhile yet easy enough
to be completed by each pupil alone.

--Teachers should keep to a minimum activities such as giving
directions and organizing class for instruction.

o

~-~Teachers should call on a pupil by name before asking a
question as a means of insuring that all pupils are given an
equal number of opportunities to answer questions.
==With less academically oriented pupils, teachers should
always aim at getting the child to give some kind of response
to a question. ~
-=During reading=-group instruction, teachers should give .a
maximal amount of brief feedback and provide fast-paced
activities of the "drill" type.
All seven of the inferences describe the conditions in effect in the CAl
labs in Los Angeles.' Although teachers did not call upon students by name,
all students were exposed to-—and responded to--many questions during
their CAI time. One diligent second-grader answered 102 questions in a
10-minute session. A fesponse to 40 or 50 questions was more typical.
The CAI coordinators moved about the lab, answering students' questions
and monitoring their work. Behavior problems were minimal because of the
system of rules and expectations for behavior in the CAI lab.

The sucdess of CAI in this study may be related to the successful

practices identified in otner effectiveness studies: mastery learning,



-32-

_»high academic learning time, ditect instruction, adaptability and consistency
of instruction, an orderly atmosphere with expectation of success in

~ basic skills, the use of dtill, and equal opportunity for responses from
all students with a high‘probability of success inAreapondinéénghe-
advantage of the computer tor drill-and-practice activities lies in‘the
computer's efficient nse of time. For only lO-Zd minutes daily, truly
individualizen drill-and-practice can be used to instruct students at
their own ability Ieyela,.to ptovide immediate feedback to each respdnse,
to move students ahead on the basis of their mastery of subject matter,
to keep records of each students'-placement in each strand cf each
curricnlum, and to do this with demonstrable effectiveness over a period

of years.

CAl Effectiveness and‘Microcomputersb

The present study produced its effects with the use of a CAI lab

equipped with a minicomputer dedicated to rnnning the CCC curriculums. /

With the tight budget constraints’and,inproved technology of the 1980s, //
‘an increasing number of school systemsla:e purchasing microcomputers for

computer—assisted instruction in elementary schools. Can the results of

this study help to predict the effectiveness of CAI uaing microcomputers?

Consider, again- the three major components of the study:
The CAI iab. Microcomputefs arefsometimes used--one or two at a
time--in a claqsroom, or in hallways or closets adjacent to the classroom,

. under the superVision of the classroom tea¢her. To the extent that

k . 7
-

ese ey

S
2

=
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qonditioﬁs prgvail, there exiStsla very real differencé in the éperation
of CAI. In the present study, either the total class reca;ved drill-and-
praétice CAI for 10-20 minutes in the CAI lab or the teacher selected a
group of students to attend the CAI lab at one period of tiﬁe with the
rest of the class attending aﬁ a lafer'éime. Teachers electing the later

option had two periods of clgssroom tiﬁe, usually'back-tb-back, with a

considerably reduced teacher-pupil ratio. In neither case was the

classroom teachér'responsible for knowledge about the computer or monitoring

student use of it. Even when microcoméuters are used in a resource room
attended by students needing remedial wdrk, the conditions are usuélly

different in that only one or two students at a time are withdrawn from

the class;oom. Where schools utilize multiple microcomputers in a

network, or cluster configuration, the learning environment would be most

analogous to tﬁe minicomputer CAi lab.

/

The minicomputer. Differences between the storage and memory

capability of minicomputers and microcomputers are becoming‘less and less
apparent with current technological advances. At pigsent;’however,
low-cost mass storage devices for microcomputers are no;/large enough to
accommodate.a complete set of CAI progréms-such as CCC's mathematics

CAI curriculum without customized adaptation. The decreésing‘cost of the
microcomputer anq its capabilities with regard to sound and graphics

have made it a very attractive tool for education. However, in the long
run it is not the éomputer hardware buf the educational software which is
importﬁnt to computer-assisted instruction.

" The CCC curriculums. The major component of any CAI program is the

courseware itself. What students practice--and what they learn--~depends

2

A.--l

«
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on the curriculum. In this study, there were differénces among the-

mathematics, reading and language arts curriculums in the length and

breadth of coverage, actessibility by students of different ability

levels, and effectiveness over periods of one year or more. Even greater

differences can be expected among the myriad smaller CAI programs'developed

by hqndreds of different authors. Because of the reduced storagehcapacity

of the microcomputer, CAI courseware similar té tbe'CCC méthematiés curriculum

faces major changes whgn édapted for a microcomputer. Those changes—-breaking , /-
‘up the cuériéulum into component parts for example--create a CAl program

quite different from the program evaluated in the current study. Microcomputer'/‘
drill-and-practice coufseware.may or méy nof be graphically more attractive, /
slower in operation, more sélf-pacéd and self-selected, and more narrowly /
focused within each CAI seséion. Whether thé changes potentially increase |

i
/

or decrease the effectiveness of a mathematics CAI program is a question fo;/

future research to answer. ‘ /
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Chapter I
INTRODUCTION TO THE STUDY IR | ﬁ

In duly, 1975, theAEducational Testing Service (ETS) and the Los
Angeles Unified School District (LAUSD) jointly submitted a proposal to
the?National Institute of Education (NIE)vto provide funding for a study.
of the long-term effectiveness of computer-assisted instruction (CAI) for
compensatory education. Existing evidence strongly suggested that CAI of
the. type to be studied--drill,and practice in reading, language arts,
and mathematics--was°effective for periods of:at least a year, that its
costs were well within typical compensatory education budgets, and that,
unlike many other apparently effective compensatory interventions, its
use could.easily be replicated. The ETS/LAUSD proposal requested’ funds
to validate these earlier findings and to examine whether CAl's contribution
to student performance could be maintained over periods as long-as four years.

On March 15, 1976 the NIE funded a research design phase for this~
CAIL project and on September 10, l976, formally committed funds for the
first year of the project's activities. From September 1976 through June
1980 the‘Los Angeles Unified School District operated four CAI labs under
a subcontract with ETS. After a final year of data analysis and writingv
at ETS, thi project ended in September 1981. This final report is an
attempt to systematize what was done and what was ‘learned during more ’ -J

o

‘than five years of study. In this section of the report the focus will

‘hot be on the'statistical analyses of the data, but on a description of




‘\‘f‘t

were used.

the project and its impact on people.‘AIn order to heip the reader

~under stand the project better, aiscuSSiOﬁ in this chapter will focus on

the setting in which the study occurred and the CAI curriculums which

The Setting for the Study

Several schools from Area 4 of the Los Angeles Unified School District

" were involved in'ﬁhe‘Study: four as CAI séhools, two as comparison

- schools, and several othefs as pccasidﬁal participants. Brief descriptions

of six of the schools follow.

School 1

School 1 was located one block from the beach?ront, in an area

'contaihing shops and apartments of all sorts. One side of the main

thoroughfare boastéd all of the symbols of new affluence while the other
side maintained an atgosphere of countgr-cultbral bohemia. This school
;és the‘sméllest in the study.. The.school building was modern, small,
and-heat, with touches of permanent art work inside and ouf. The school
population was primarily Anglo and was highly transient.

:HDuring the third and foﬁrth’years of the study, a court-approved
desegregaticﬁ plan saw School 1 become part ofva triad of schools in
whiﬁh School 1 servedbali fourth graders in the triéd and the other

schools“ served fifth graders or sixth gradeis. The plan worked well for




integ;étion and had both positive aﬁd negative impacts on the CAI study.
Ldngitudinalidata involving fifth aqd sixth graders at School 1 were ios;,#
but two largg one-year studies at the fourth—grade level were improved :
because of School.l;s larger population. School 1 had no computer fgr

the first three years of the study but was able to operate a small CAI

&

lab as a sattelite & the computer at School 2. During the final 1979-80
school year, a CCC-17 computer was used at School 1 to run an up-dated
reading-for-comprehension curriculum toéether with the older mathematics

and réading.curriculums}

School 2
School‘Z was also small, but’largef than Schqol 1., It was located
in a well-kept residential area. The population it served was. quite
"diverse economically and socially. ~The ethnic composition of the student
body was roughly half Hispagic and half Anglo; with a fewbothers.
Althouéﬁ the studeqt transienéy rate was mode;ately high,'there was very
.little turnover in st;ff. fhe school building was modern in design,
consis;ing of a number of buildings connected by covered waiks.
‘Schoql 2 was laréely unaffected by the LAUSD desegregation plan
.since;it was al;eadyvintegrated. It's sm;ll CAI lab‘contained only 17

terminals but its computer served the 15 terminals at School 1 aslwéll.

In addition to the regular students involved in the study, the CAI lab at

et

s ' .
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School 2 served a small population of aphasic youngsters and a group of ~

Hispanic adults learning English.

School 3 SR | .

School 3 wﬁs very iarge. it‘was situated in an inner city grea
a few miles southﬁesp of downtown Los Angeies. The school was located on
a short side streef betﬁéen a main surface road and a freeway. It
cdnsisfed of three two-stbry buildings connected by walkways. Some rooms -
had exterior doors; others.opened onto hallways; all doors except the
"office door were kept locked‘at all times. Excépt for a number of - , \
Hispanic children, the school'population was Black. The transieﬁcy rate
among studeﬁﬁs was extreme}y high. School 3 was a Titié i séhgol.

.During the last tw§ Qea;s of the study, the LAUSD desegregétion\
plan provided ‘that 50 fifth and sixth graders from School 3 attehd a
mid-site schopl, together with.students from the Valley. The plan was
successful in intégrétiﬁg a few students from Séhool 3, but the school

itself remained racially isolated. The plan caused a loss to the study

of students in both longitudinal CAI cohorts and cohort control groups.

~

School 3 had a full-size CAI lab with a computer and 32 terminals.
. N ’
School 4

School 4 was a Tifle I school located in an older residential area..
The school building was of the traditional style==a two story structure
with wide interior hallways. The student population was ethnically

mixed, predominantly minority with a growing number of Hispanic students.

The school had a large CAI lab with a computer and 32 terminals.
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School 4 was untouched by the LAUSD deségregation plan during the

o

years of the CAI study. It remained a racially isolated school. Complica~- :

tions in testing the Hispanic population in the final years of the study
together with a high transiency rate reduced the number of students

.available for longitudinal studies.

School 5 . T ‘ o -

School 5 was located on a main trafficAthoroughfare; The stores -
acroés the street froﬁ-the school had their fron; doors locked and‘could‘
be entered only'from~the parking lotginﬁback. The school itself was -
entered from a side street. The main school buildihg w;s old, designed
like a Spanish mission, and temporary‘classrdom buildings were situated
in the schoolyard. The halls were decorated wifh students' art and craft
| work. Approximately.two-thifds of the students were Hispanig and‘one-third
were Biack. School 5 was a iitle I school. It contained'no CAI lab but
its students participated in the study's testing program. It was a

o -

comparison school.

School 6 -

School 6 was situated on a quiet street in a very ngat residential
area. It was a large school, modern in design, consisting of a number
of buildihgs along threg sides of a large school yard. The school
population was predominanatly Hispanic, but a gréat variety of ethnic
backgrouhds were represented, including more Oriental children than in

any other school: in the study. School 6 lost its Title 1 standing

&
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just before the CAI study began; It was a comparison school and had

no CAI lab.

CAI Curriculums .

In searching for CAI curriculums it bécame obvious that there were

no reading or language curriculums immediately available which could be -

" offered to students across grade levels 1-6. Computer Curriculum Corporation

(CCC) could provide Reading, Grades 3-6 and Lénguage Arts, Grades 3-6,

but lack of audio signals on their systems precluded offering a cufricu'
lum for beginniné readers. CCC could also provide Mathematics Stfands,
Grades 1=6 in the samé éoftware péckage as their reading and language
programs. The decision was made to use these off-the-shelf‘curricglums
for several reasons:
(1) They were CAI curriculums which were immediaﬁely availgble,
haviné had fairly wide usage in systems ;0cated across the
.'United SE;tes«
(2) _The»CCC.curticulums-'espéciélly Mathematics Strﬁnds--had'a'
body of evaluation studies whiéﬁ, although they had shortcomings,
.appeared to indicate success in raising test scores.
(3) cCCC was the on;y vendor which couid offer all three curriculums
in one software package, ét a price the study could afford.
‘Having one software packaée assured the study of a minimum
‘amount of‘time to get the CAIl operations running.
. The CCC curriculums are drill and practice cufriculums which are hot

intended to teach students but to reinforce the skills they have already

59
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been taught in the classroom. A description of each of gﬂi/Curriculums

follows; /

Mathematics StrandsJ Grades 1-6

Mathematics Strands, Grades 1-6 is one ofvthe
ized CAI (computer—assisted instructional) programs ever developed. A~
student participating in the Mathematics Strands/program receives lessons
that are prepared for her on the basis of her achievement and educa-
tional needs. Her lessons are not stored in the computer's memory but
are generated by the computer as she works at a terminal. Because the
computer immediétely checks the student's response to each item, it can
'adjust the lesson's difficulty level whiyé the lesson is in progress.
Furthermore, if'can make:this adjustmeqé in each concept area on which
the student is working. Such individyalizing capabi;ity represents a
significant step forward in the development of curriculum, material tﬁat
meets the goals of individualized %és;;uctiOn.

.All the'fopics in elementary/échool maghematics, with the excePtion
of geometry and ﬁord probleﬁs, Q{e inéluded in the Méthematic; StfaAds
prograd. Its stress on hasic ¢omputational skillg;makes‘it compatible.
with 5 wide range of textboo%/series. Because it doeé provide individual-
ization, the program is appyépriate for both remedial and accelerated
classes; h - ,/

The Mathematics Str%Ads progfam achieves its goal of individualized

s ! )
instruction by using a strands structure. There are fourteen strands,

one for each concept area included in the program. The strands are:

o

.
7]




Strand 1 Number Concepts
Strand 2 Horizontal Addition
Strand 3 Horizontal Subtraction
Strand 4 Vertical Addition
Strand 5 Vertical Subtraction
Strand 6 Equations '
"Strand 7 Measurement
Strand 8- Horizontal Multiplication
Strand 9 : Laws of Arithmetic
Strand 10 - Vertical Multiplication
Strand 11 Division
Strand 12 , .. Fractions
Strand 13 Decimals
- Strand 14 ' Negative Numbers

buring every session, the student receives a mixture of items from
all the strandé that have exercises at her grade level. The student's
work in each of theafourteen strands is individualized to meet her
educational neg@s. Inladditioﬁ, the computer adjusts the préportion of
exercises froﬁ each strand to match the proportion of exercises: covering

that concept in an average textbook.

Reading, Grades 3-6

Readiﬁg, Grades 3-6 offers a supplemental reading program with two
important feétufes: a high degree of individualization, and a means of
diagnosing cléss and in&ividualbreading weaknesses. Both these features
make the program a Qseful tool in building toward the éoal of individual-

ized instruction.
| The program consists of practice items designed to sharpen the
student's reading skills in five areas: word énalysis, vocabylary
extension, comprehension of sentence structure, interpretation of written
material, and developmgnt of>study skills. It contains enough material
for four years of work at grade levels 3, 4, 5, and 6, és well as supple-

mentary remedial material that extends to grade level 2.5.
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Each student moves through‘the program at his own pace. The difficulty
of the material he receiyes is tailored to hig own achievement level and
is not affected by the ﬁerformance of other students in the class. If a
student needs remedial work, the program moves him to a lower grade
level., If a student needs to advance to more challenging material, the
program movés him,forwafd rapidly. The students in a given class may
sbread in grade placement over every grade year the program covers.

The program uses a strands structure to individualize each student's

[

Y
lessons. Each of the five skill areas the program includes is represented

by a strand, or graduated sequence of related items. The strands are:

Strand A ' Word Attack

Strand B Vocabulary

Strand C Literal Comprehension

Strand D Interpretive Comprehension

Strand E Work-Study'Skills ot

A student who is doing very well in one area moves forward rapidly
in the strand which contains items from that area.. One who is performing
poorly in one area is moved back in that stran. until a level is reachéd

“that is suited to ;he student's abilities. At this point forward motion
begins-again. The rate of movement in each strand is not affected by
position or rate of movement in the other strands.

The.program was designed with low reading levels in mind. It begins
with very simple vocabulary and adds words from'carefully selected
vocabulary lists. The lists concentrate on words that children encounter
in reading materials and daily life situations.

A special section at the lowest levels of the program contains basic
two~ to five-word sentences. It is included as remedial work fdr those
students in any;school grade who may need it. The material in this

section is not differentiafed into strands.

o tw




Language Arts, Grades 3-6

Language Arts, Gra&es 3~6 attacks today's most common language usage
problems. It covérs grades three thrgugh six with enough material for a
fear's work at each grade legel. In addition, it éffers supplementary '
material designed for students with special language problems: hearing-
impaired students and students for whom Englisﬁ is a second language.

Language Arts, Grades 3-6 supplements almost any language arts’
textbook or teaching method. It stresses usage instead of grammar and
uses very few grammatig;l terms. Students using the program learn by

- example, pattern, and practice.

The program has tw045éctions,‘s§f5nds and topics. In the first year
of this study, only the strands sect;oﬁ was,used.l The strands section
supplies individualized drill and practice tailored to each student's

e achievement level. In the tbpics section, students receive lessons on a
topic assigned by their teacher. *‘ ‘ S
' The strands section consists of eight stﬁagds, or strings of items.
Each strand covers grades three through six.,/The prog&am keeps records

of each student's perférmance in every stra 4 and uses this information

to.adjuét the student/'s level in each strand. - i

\

/

./ THE STRANDS Z | "‘
Strand A v Pr; cipal. Parts \\
Strand B Verb Usage
Strand C Sub ject-Verb Agre°ment
Strand D Pronoun Usage
Strand E , Contractions, Possessives, and Negatives
Strand F Modifiers- . ’
Strand G ‘Sentence Structure




Summary

Chépter I described the six Los Angeles schools most relevant to the -
Study together with some of the forces which impacted on the schools over

the life of the project. Also described were ﬁhe three drill—and-practice

)

CAI curriculums used in the study: Computer Curriculum Corporation's

/

/
Mathematics Strands, Reading and Language Arts. MWe now turn to the

’/acquisition and operation of the CAI systems.

!
/
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Chapter II

ACQUISITION AND OPERATION OF THE CAI SYSTEMS

<
]

This chapter will describe how the three CAI sYstems were acquired,
wha't pfobléms existed, how the CAI coordinators were trained and, finally,
how the CAI program worked. Main topics are (1) early preparations, (2) -

the initial shakedown period, and (3) routine operations.
Early Preparations

The Lb§ Angeles Unified School District entered into a subcontract
with Educational Testing Service in the latter half of September £976-
Even before the subcontract was sigﬂed, LAUSD was engaged in project
activities on two fronts: summer trainihg for coordinators and plans for‘

building modifications. With the signing of the subcontract, the prbce4

. dures leading to the acquisition of CAI equipment were initiated.

Summer Training

From June 21 through August 6, 1976, the ETS project director
attended the summer training workshop for CAI coordinators and their
alternates. Work accomplished during the workshop included:

Observations. Coordinators and alternates were able to observe

students working with the CCC curriculums and supervisory personnel
performing many of their day-to-day responsibilities in three schools in
the Los Angeles area.

Hands—on—-experience. Coordinators and alternates were entered and

enrolled in the Mathematics, Reading and Language Arts curriculums from

CCC. The coordinators and alternates spent major portions of several

-12-
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days becoming acquainted with those curriculums both through hands-on

. experience and reference to.the manuals for the curriculums.

Preparation of materials. The ETS project director, the LAUSD
professional expert, the coordinators and alternates worked on the
preparation of several products for use in the project. As part of their
hands-on experience, the coordinators prepared progress tests at six
levels of difficulty in mathematics and four levels of difficulty in
reading and language. These tests provided.the basis for the curriculumf,'
specifib tests recommended by the Advisory Panel for admiﬁistration J
to all students in the project. Coordinators and alternates also prepared
materials for a project handbook containing information on the research
design, project activities, suggestions for workshops, schedules of
classes, random assignment bf students to tréatments and other topics
relevant to the success of the study. Finally, they produced material

.for handouts to parents, teachers and visitérs.

The summer workshop helped to develop strong rapporf émong the

particip;nts, increasing both the chances of successful aJherepce to the

research design and the enjoyment by the participants of their roles in

the project.

Building Modifications

Blueprints for building modifications were begun in the summer of

1976 according to sketches in Appendix G of the Research Design presented

to NIE and the Advisory Panel in May, 1976. Before the summer was over,

changes in the building plans were requested. Specifically, the coordina-

tors asked that computer rooms NOT be subdivided by walls into three
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:seétions as planned, but that the openness of‘tﬁe classrooms be preserved.
lAgain, the plans for overhead room air conditioners were revised to
window air conditioners when installation time‘was_cénsidered‘a ma jor
factor in delaying the start of the study. Implementation' of the
final blueprint plans bééan in.the fall.

LAUSD pergonnel sealed doors from the computer rooms to adjoining class=—
rooms. They removed unnecessary bulletin and chalk bqard; and removed a
_sink in one classroom. They moved cabinets and installedeooden countérs
on which the CAI terminalsiwould-be placed. They wired the computer‘roods
and‘ﬁuiit enclosures for the new wiring. They moaified windows for air
" conditioners and installed two window air.conditioners in each room contain-
ing an A-16 computer. Finalljf they painted the CAT rooms and varnished
the furniture. ’This work was completed by November 15, and thé rooms were
ready at that time to receive the CAI equipment. Further work would: be
necessary.(éig., installation of intrusion alarms, phones, etc.), but the

md jor chané%% ﬁreréquisite to the onset of CAI in the schools were completed.

Purchase and Installation of Equipment
Bidding for the purchase of CAI equipment could not begin until the

contract between NIE and ETS and the subcontract between ETS and LAUSD
were signed. At that point the bids were let in three parts: one for
the purchase of three computers, one for the purchase of 100 terminals

and four printers, and one for communications equipment (modems and multi-

plexors) for use between School 2 and the satellite school, School i.

y
b o)
- -
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vSt;andé, Reading and Language Arts curriculums. CCC's successful bid

'~deviation from published procurement

"decided to rebid the terminal

-15-
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Part I. Computer Curriculum Corporation (CCC). won the first bid and

<

- supplied three. A-16 compdters‘to LAUSD. Delivery of the three computers

o . Q3
occurred between November 19 and 23.% Four terminals were loaned to the

- schools, 'and an in-service for coordinators was conducted by CCC the

' - following week. : CCC. also supplied the software to deliver the Mathematics

reflected the following costs: ' . ‘ s
Hardware: 3 A-16 computérs $206,360./”/ ,
. N . . e L’l:‘%ﬁ h
Software: Mathematics Strands $214/mo x 3
';,‘ R o Reading ; $213/mo %'3
' § Language Arts $213/m6 x 3
- , . $1920 x 12 month 23, 040,
) Tax (6%) + , 13, 644,
- Installation (maximum) 9, 000. ’ ’

Part II. The David Jamison Carlyle Corporation won the bid to .
sunnly 100 terminals and‘four“printers. SD, by law, is required to work

in agcompetitive bidding environment whi¢h allows for practically no

nditions. Unfortunately, two

'prbtesfs were filed on earlier term‘nal bids basgg gﬂ minor technicalities.

. . s
Rather than risk legal action with its attendant lengthy delays, it was

rocurements. Delivery of 50 terminals

!

.was contractually called for before year—end, and the remainder were to be

‘available prior to Januat

10. In fact,-all terminals were delivered by

the end of December. e acceptable bid reflected the following costs:

100 tefminals $143, 995,00
4 printers’ ’ 7,799.80 - . ‘ .
Tax (6X%) 9,107:69

Delivery ° 1,800.00

§
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Part 11l1. Computer Curricuium Corporéfion won the bid for the

communications equipment. Their bid reflected the following costs:
"2 Modems - $4,710.00
2 Multiplexors : : 7,550.00
Tax (6%) 735.60
Installation 200.00
Modems and multiplexors were delivered to Schools 1 and 2 just before
‘Christmas vacation. Noise on th; phone lines betweeﬁ the satellite
school® and the computer cégsed communication probleﬁs. After sevgra}
consultations with General Telephone personnel, the problems appeared to
be resolved'Jénuary 12, -
All systems were up and ruhnfhg the wéei of January 10, and students
iﬂ all four';chools started computer*assi;ted inéfruction that week. It
was a false start for students at Schools 1 and 2, however, since start-

up problems plagued‘those'schoo;s especially. The next section covers

some of the difficulties encountered in the initial shakedown period.
" The Initial Shakedown Period

Conventional wisdom leads one tovexpect problems in setting u§ a CAI
system. .A small émount of research into problems enéountered‘by others
using the CCC systemé had encouraged project personnel to believe those
problems might not exist. Experience gave us mixed results with the .

project's three systems.

System Problems

Schoo;s'l and 2, The computer in School 2 ran the CAI operations in

School 1, a satellite school, as well as CAI operatiohs in its . own
school. Modems and multiplexors in each school allowed the CAI system to

operate over phone lineé between the schools. Séhdol 1 operated with 14

-
o
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terminals; School 2 with 17. The situation in these schools during the
initial shakedown period cén best be deScribéd in the words of one of the

coordinators:
The sorrows of start—up begin with not starting up. One day
of real work with children and the computer goes down.
Mechanical problems, unanticipated and seemingly unavoidable,
keep recurring. There is nothing sadder than the face of
a child whose .number and name have been rejected by the
computer.

The real problégr%eems to be that there is no one
person ready to assume the responsibility for getting the
bugs out. You call CCC who suggests calling Cincinnati
Millicron who suggests calling Hazeltine who suggests
calling General Telephone who suggests... etc., etc. All
are very polite, very sympathetic——and very ineffective.

A new computer was shipped to School 2 and remained there, crated
but.ready, for several weeks. By mid-February, when school personnel
were just about ready to give up hope--and, indeed; just at fﬁe time the

system was to be inspected by the funding agency and the Advisory Panel

for- the study——the CAI system beganéto'operate with its customary good

“behavior. School 2 had few problems afﬁer February, but School 1, the

satellite, experienced some_interfe;ence Que to noise on fhe phone lines.
School 3. The CAI system at School 3 éxperignced the least difficulty.

The A-16 computer was delivered before Christmas;ithe terminals arrived

during Christmas vacatiqn. The system was up and‘running by Jaﬁuary 3

with only minor work needed on a few terminals. School 3 waited one week

for the other "I systems to be ready, then began the CAI.p}stam on

~January- 10, The computer at School 3 was the first to pass an ‘acceptance

test and continued its good performance through the end of the year.

Schdol 4. The CAI system at School 4 was only slightly more trouble-

some than the syétem at School 3 when it was set up. The CAI program was

-
-
S
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initiated on January 10, only one week after the end of Christmas Vacation;
However, minor broblems kept interfering with a smooth implementation of

the program. Late in January the problems increased and continued

\\. N

) tnrough mid~February when a gigantic effort by all vendors produced
results., Subsequent problems were mininal. The coordinator at School 4
kept a log of her experiences duriné the first year of the study.‘ The
log reflects the joys and frustrations of implementing the CAIl program in

her school. The log is included as hppendix Ao

Initial Acceptance -

The advent of a new program\in any school is likely to get a mixed
reception. In principle, the idea of 641 was accepted whole-heartedly for

the most part. On the other hand, the programAcalled.for several hours

v

of pretesting——never a favorite éccupation for teachers or students.

Meetings were held at each school.to explain the project and:the CAlL
program to teachers and parents. The CAI coordinators accepted the

v

responsibilitj for public relations activities and did a remarkable
job in having the program accepted. They worked hard to prepare in-
service\training'for teachers, to give them hands~on experience with the

computer, and‘tovprovide opportunities for teachers to observe their’

RN

students‘on CA12~ There were some complaints, however, and these revolved
around the issues of\q\nendability, interference, and effectiveness.

Dependability. The ‘acceptance of the CAI program was certainly

.
related to the dependability df\the system. In those schools which

~ v
.

experienced little difficulty starting'up the system, teachers' attitudes

were more accepting than in the schools where teachers' expectations'
/
about the CAI schedule were constantly thwa7ﬁed. At the end of January,

/

L




1977, the morale of coordinators and teachers in three of the four CAI
schools was very low. By the end of February, hoﬁever,vwhen the systems
were operating with a minimum of difficulty, morale improved.

Interference. At the time when CAI was introduced into the séhogls,

teachers had well established classroom|schedules. Even though the CAI
program h#d beeﬁ scheduled early in the-schopl year, its midyea? implemen;
tation caused ;hock waées in familiar élassroom routines. After adjusting -
to the néw program, most fourth— and si#th-gradektéachers were enthusiastic.
They even looked forward to the two periods in the day when fhe‘teacher/
pupil ratio was reduced. With half the class at'CAI, remaining students
could get more individualized instruction. For some te;chers, however,
the CAI schedule prbved to be an interference rather than an aid.- This
was particularly true for second—-grade teaqhers}

Since second-grade students had been randomly assigned to greater or
lesser amounts of Math CAI, t;gatment groups had been created ﬁhich had
no relationship to the ‘groupings within the classroom. The CAI'group

receiving 10 minutes (later, seven minutes) of CAI was not out of the

classroom long enough for the teacher to accomplish anything with the

remaining students. Only teachers of mixed grades (1=-20r 2~ 3)

reborted lirtle difficulty,with‘the second—grade schedule. One school
solved the problem by having the second-grade teachers come to the CAI
room with their students, returning to the classroom with the group

that finished first. fwo teachers who had been opposed to the'program

Ed
became staunch supporters under the new schedule,
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. Effectiveness. Some teachers regret the existence of ever-increasing

numbers of pull~out programs which\seem to interfere with their job of
teaching. Such ;eachers can be won¥over tof; program only by awareness
of the program's‘effe;;iveness. Féedback from ETS dn student progress
within the CAI curriculums increased the enthusiasm. of sbme teachers for

CAI and also helped to identify students with difficulties.
Routine Operations

After the initial shakedown period, the CAI program developed into a
smoothly rﬁhning operation. With a minimum of system prbBlems, coordinators
and aldes were free to improve schedules, help students, provide information
to teachers and develop routines for dealirg with computer room tasks.
Students settléd into the system also. The final sections of this

chapter d:al with the routine of the CAI room.

The Coordinator's Day.

The coordinator and her teaching assistants shared tasks such as
housekeeping, care of the computer and terminals, helping students, and
interaction with teachers. At the beginning of the day the computer had
to be turnéd on and reloaded and the date advanced. Terminals also were
turned on‘and made ready for students.

As the computer room day Began, students arrived on their own or
escorted by the teaching assistants. When students received 20 minutes
of CAI--usually those in the upper grades=—every 25 minutes or so a new
group of students arrived in the lab. Younger students arrived every 15

minutes. While students were at the terminals, CAI personnel responded
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to repeated requests fof help with problems and amswers to questions.
Attendance was taken. Sometimes notes were takeﬁ fo: teachers ;egarding
help needed by individual stpdents, Incentives were.developed to motivate
students to better performance.

‘At the end of the day, new students were enrolled, a backup tape was

run, teacher reports were prepared and, finally, the computer was shut down.

The Student's Routine

Studentg”learned very quickly how to ﬁse the CAI ferminals. First
graders were initially fairly slow at signing on—=-taking a minute or two
rather than a few seconds. After a week or so most of the first graders
were able to function efficiéntly. Older students learned almost immedi-
ately and, except for forgetting their numbers, were able to sign on and
begin work with no delay. A fourth grader describes the procedure:

When I go to the computer room we have to line up at the door
and wait for a while and then we go in. When I firt, (sic) get
in I put in my number and name which is 1174 and then a space and
then my name. After all that I start working. I 1ike the computer
room because it makes me learn more math, language, and reading
and it makes me use a pencil less.
Students often answered as many as 40 or 50 questions during one 10-minute:
session. As soon as one session was over, students receiving 20 minutes

of CAI signed in for the second session. At the end of/yo or 20 minutes,

students returned to their classrooms.
Summary /

In this chapter we have described the early preparations for the CAI

project: summer training for CAI codrdinators, the buildlng modifications

g
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for the CAI labs, and the purchase and installation of the CAI equipment.

The initial shakedown period was described, when CAl systems were experi-

encing start—up problems and the initial acceptance of the programs was less -

than perfect. Finally, the routine of the coordinator's day Qas’presented;
together with a description of the student's activities in the lab. We
now turn our attention to CAI from .e perspectives of those who worked

with it.

7))
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Chapter III
PERSPECTIVES ON THE CAI PROGRAM

‘For four years sélected students in four CAI sghools received from
20-100 minutes’of drill-and-practice CAI each week. During that time CAI
coordinators worked with half of the children in each‘school each year.
For four years teaéhers either seﬁtvtheir students to the CAI lab or
brough; them,  and each teacher had the 6pportunity to observe CAI in
action. Each year students and school personnel were asked to report
about CAI. Students, teachers and principals were fnterviewed; student
writing was requested; and coérdinagors attended a debriefing conference
each year. fn this chapter CAI will be summarized by éhe'people who
participated in the study. Coordinators will describe guccessful_and
unsuccessful studentsriﬁ the CAI program. Students themselveg_yillm551£«

how they felt about CAI. The results of interviews with teachers and

prinéipals will be presénted.

Successes and Failures*

At the end of the study, the CAI coordinators were asked to write,
among other things, a brief description of the students they felt
répresented their successes and failures with CAI. Their case stullies
are presented in this section. In School 1 the CAI coordinator made the

following reports: .

*Thanks are due the following people for providing the information for
this section: Mary King, Marge Lord, Judy Newman, Ann Vasilopoulos, and
Rayma Wells. ’

——
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Bruno did poor work in his regular fourth-grade classroom but
scored second highest in the school jin the mathematics CAI
curriculum. The last report showed his yearly gain to be 2.1
years and his average -placement at the end of May was 5.6. -
Bruno took great pride in his daily scores and his classmates
encouraged him to work hard to help their team in competitions.
He asked for very little help--only when a new type of problem
appeared in his lesson. :

x % % %

Eva began CAI as a disinterested participant. Her attendance
was poor and at one point she was away six weeks on-a trip.
When she returned she just couldn't settle down. By having the
teaching assistant or the coordinator sit beside her and encourage
her to trust her own judgment and work a little faster she began to
make a score of over twenty correct responses in her Reading-for-
Comprehension CAI lessons. Soon she was able to make between 90
and 100%Z with twenty=five or more problemg attempted. By the end
of May she had gained 1.4 years with a total of only 86 sessions.
The average gain in the Reading-=for-Comprehension curriculum in
4th grade was .9. Eva's success inspired her younger sister to
improve her lessons also. Two happier little girls were proud of
their CAI accomplishments by the end of school.

—_— Xk k%
kS \\ S— \_.‘_\“’*—.‘7‘
Mike was a fourth grader assigned—te—the CAI reading
curriculum. He reached 4.5 in the first 10 lessons with rapid-.

motion but never got past 4.7 the remainder of the year. He
would look at a question and find every reason not to read or
answer it. He seldom answered more than 10 or 11 items in 10
minutes. At one point I had him start over. The first lesson
he made 100% and then he went right back to his previous

pattern of slow motion. This child was a behavior problem in
his regular classroom and on the playground. His home consisted
of a young father and his younger girl friend who appeared
indifferent to Mike's progress or behavior in school.

x % % %

The most conspicuous failure in four years of CAI was
Rajah. He was a fourth grader assigned to the CAI Reading
curriculum. This child was capable of doing satisfactory work
but could not accept the computer report of less than a perfect
score, He complained that the computer cheated him as he
pounded on the terminal or ran away. He was under the counter
or screaming half the time he was in the lab. .
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The teaching assistant in the lab would sit beside him and
try to keep him calm. Finally it was decided his disruptiveness
was unfair to the rest of the class and he was dropped from the
study. Many days he tried to sneak in and sign on for a lesson
but he never gave up wanting a 100% lesson.

His problems in all phases of school life continued the

entire year. The NPI at UCLA is trying to help this boy and
his mother at the present time.

-

In School 2--a small school with less turnover than other schools in
the study-~the following successes and failures were reported:

-Two 5th-grade students topped out of math this year. They
are bright, eager, achieving students in every respect but
what makes one story unique is that one of the students was
asking for a transfer. There had been a spate of springtime
name calling and this student had been targeted because she is
markedly different, the only oriental in the school. Sympathetic
support from her teacher, counseling by the principal, support
by her peers had been to no avail. She still was determined to
go to a school with "her own"” as she put it. As educators we
know that if she ran from the problem it would never really
get solved. There was only one thing that had not been tried--
vith the help of her friends and her competitor in the C.A.I.
lab--we told her that if she left, the remaining student would
top out while her chance would be gone. It worked. She came
back, faced the problem and topped out of math. She was the
first student in four years of CAI to top out of the math cur-
_ riculum. Her competitor topped out & few weeks later. We think
“of CAT-as an academic remedial program but it does act as a
challenge and motivator for high achievers as well.

* k k &

One student had been coming to the CAI lab on math for
three years. To say he was bored is not to say enough. He was
.clever enough to time the problems so he would do the absolute
minimum and get a percentage that would not move him too
many points higher but still not incur the anger of the CAI
coordinator. I thought for a long while that he really
didn't like math and this was hig way of getting by until his
sibling was also enrolled on CAI. Her response was pretty
identical to his. And then I met the parents at Open House and
it became only too clear that these students were reflecting
parental values, "machines aren't necessary”. "When I went to

school all we needed was a chalkboard.” "Why spend our taxes
this way,” etc.
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It would have been a little more acceptable if they lived
that way but even a casual inquiry revealed that they had the
usual TV, washing machine, dishwasher, car, etc., all the electro-
nic helpers of our age. School, however, was to stay unchanged.
A 19th century approach to 20th century probléms.

Let me put it this way. We are rapidly approaching the
21st century and we must as parents, educators and concerned
citizens meet the needs of our children. A literate child with
good basic skills both in math and communication is going to be
able to function and succeed at whatever career or careers that
they choose. There is great merit in exposing our children to
technological awareness in a manner that they view the machinery
as a tool. The CAI program exposed children to computers. They
are not awed=—"stupid computer” is a comment often heard. . They
really look at the computer as an aide, just as they view all
machinery. They learn the vocabulary rapidly "bits vs bytes,”
“"computer down,"” "reload,” etc. and they understand at least the
concept. When a student apologized to Dr. Ragosta for taking so
long to complete a task she said, "the mechanic did some repairs
and we dropped a day's memory.” She knew what she was saying. It
is a valuable experience for students to be able to understand the
present. How else are they going to build the future?

School 3 is a large Title I school designated as a racially

isolated minority school. The population is predominantly Black with an

increasing percentage of Mexican—-Americans. The coordinator reported on

a generally successful year: '

~

A group of ten 5th~grade boys and girls were especially successful
in the CAI lab this year. They were all assigned to the CAI
mathematics curriculum. I believe their success was related to
three factors; three of the 5th~grade teachers liked teaching

math and placed special emphasis on it; the children responded
enthusiastically to running reports and competing against their
individual progress, and finally, the children took pride in

the challenge the curriculum offered.

There were no outstanding failures at School 3 this year.
The few children who did not succeed in CAI did not succeed in
the classroom either. One 4th-grade boy, assigned language,
sometimes refused to do his lesson and left the room without
permission. His teacher reported he responded to frustration
in the classroom in the same fashion.

.\I
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School 4 is also a Title I school with a large Spanish-speaking

population. The coordinator—=—new this year——used a reward system Qf
¢

issuing tickets for good performance at CAI. The tickets could be used,
for, admission to fhe ”Wéstworld Arcade”=-the CAI lab supplied with
computér4games and kept open for an hour after school. The following
successes and failures were reported from School 4.

At School 4 one or two transitional Spanish—speaking students
were able to bridge the language hurdle and master the vocabulary in
the language curriculum well enough to complete lessons with a
degree of success. This happened much to the amazement, of the
classroom ‘teacher who was sure the students must be removed from
language and placed into mathematics. In the classroom, these
students were not reading at all. One or both of these students
were able to read aloud the problems and select the correct answer
most of the time--without frequent help from the teaching assistant.

The CAI language curriculum patterns may have been learned by
these students through repetition. Perhaps the fear of negative
peer judgment (lack of approval) or teacher disapproval may have
inhibited these students in the classroom. They may have "given up”
performing in English in front of other people. The computer is

? non-verbal and much less threatening than the teacher or other
' ‘students. Perhaps that accounts for the students' progress.

*x k k %

Juan, 10 years old is a Sth—grade student-—quiet, sensitive
child who was formerly enrolled in a Special Day Class. He is
currently seeing the Mainstream Resource Specialist for 45 minutes

daily in addition to the corrective P.E. specialist weekly. This
was his third year in the CAI lab.

Juan began hanging around the lab, after the first of the year,
at any free—time periods, recess, lunch and especially after school.
Because he was assigned to the Reading and Language CAI curriculums
and received 1007 daily (a $1.00 ticket per perfect score), he was
one of our earliest "steady” customers in the Westworld Arcade
(Admission: $2.00 in ticket money). He carefully observed the
activities and soon Volunteered to lend a hand by teaching some of
the computerized games. We found this a great assist as time was at
a premium with 20-25 students in the lab daily during the 3:00~4:00

. o'clock time slot. From this point he moved on to assisting with
the clean-up after closing. Then he began collecting admissions.
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He was very adept at the later, ironically in that he was doing
poorly in math and was seeing the specialist for improvement. He
was extremely careful in collecting the correct change, often to
the duress of his peers who offered bribes and threats to gain

entrance.

<

Near spring vacation Juan had become a regular CAI employee.
He had so carefully observed our back—up procedures and security
checks on closing that he finally asked to perform. He thrilled in
assuming responsibility. Shortly afterward, he was meeting our cars
on arrival, pacing back and forth along the fence if we were a
little late. This vias especially interesting when we found he lived
farther from school than - any other child in walking distance. He
was officially in another school's attendance zone. His daily walk
must have taken a good thirty minutes either way. Neither rain nor
fog hindered his meeting us. He delighted in turning off the alarm,.
turning on the machines and setting the correct day and time. We
noticed a steady improvement in his ability to state the.correct
time. He always made a point of checking that he was correct before
typing the numerals. He delighted himself, as well as us, setting
the military time in the afternoon back-up. Remember, Juan had been
having extreme problems in math, but according to his classroom
teacher and the Resource Specialist, has shown remarkable progress. -
He enjoys doing CAI mathematics demos and does only that at every
opportunity. He could easily operate the lab, answering the tele-
phone, keeping inventory, doing clean—ups, even doing minor- typing
jobs. He is usually the first to notice a problem in the machinery,
often asking quite technical questions as to their function. It has
‘been a personal joy and a professionally rewarding experience
watching Juan progress through the months...thanks to CAI.

* k Kk %

James, 10 years old, is a fifth—grade student in a fifth/
sixth grade combination class. He is a state—identified
mentally gifted minor, a highly volatile boy who finds it most
difficult adhering to school standards. He is the only child
of a mixed (Japanese/black) union. He often feels he is being
singled out for ridicule, when often he is guilty of the very
same behavior by shouting inflammatory statements to his
classmates in the lab. . His group of eleven (11) students
happens to be one of the smallest visiting the CAI lab. The
majority of the class is Spanish=speaking, he being one of the
two black males enrolled. His approach to the CAI was most
inconsistent. He never arrived with his class, nor left with
them. He was strictly a loner. He felt no-compulsion to do
make=up lessons hor. to perform to his greatest ability. He was

_not challenged by motivational rewards. His overall progress
though above grade .level, was held to a minimum due to this
negligent attitude. Wh:n this -student was absent remarkable
change was noticeable in his class's performance. He is
currently seeing the Resource Specialist for academic assistance.

3 3
o

5.




i federally-funded project to - a school program.

LU

‘liking CAL. S . ‘ .

design.

-2 9’- . . / f

n

Even though the coordinators wrote about both successes and failures,

,they were able to think of many more sucgesseés than failures with computer-

assisted“instruction.$ Where CAI failures were identified, they tended to
N .
be associated with school failures in general rather than with CAl in

particular. On the cther hand, students who were nof, doing well in the

‘classroom-occasionally did quite well in the CAI lab ar:. niien reported

o

In general CAI cpordinators perceived CAl as helpful to students and

anticipated that CAI would become even more helpful when teachers and/or

coordinators ran the program without the restrictions of the research

The perceived success of the CAIL program during its four years of -

’Operation laid the foundation for the succegsful transition of CAI from a

S & RSN

tw

In an effort to help'that

trangition and to perpetuate the knowledge and:expertise gained by CAI

fcoordinates, a COnference was ‘held at the close of the study, and .coordina-

tors helped to produce ‘a booklet entitled Thoughts on a CAL Program.

"';FThat pooklet’is included as Appendix B._

o < Student Perspectives

' Each year of the study, studeﬁig produced writing about CAIl from
assignments in their classrooms. D%ring the last two years the stimulus

for the writing was the following letter:

~y
-

o
i
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Dear Student: ' . .

It is not often that students in elementary school
get a chance to influence decisions made by the government
in Washington. However, you may be able to influence the
government in two ways. You know you have been part of a
federally-funded project about computer-assisted instruction.
People in Washington will read the results of that research
study and will make decisions about the future of CAI.
They_may decide to help other schools to get CAI or they
may not. Before the government makes a decision, they _
should hear from you and your teachers. How do you feel
about CAI?

’

With seve?al hundred léfters to select from, we have chosen 36 to
feport._ The 36 are a‘séiected sample Qf the more interesting letters.
They are a biased sample in the sense ;hat‘we have over-represedted
negaEive letters since they:help_to alért one to potential problems. . In
generall é5-70 percent qf the statements about CAI made in any year byt
students were'completeiy'positive; Only 10-13 ﬁercent of statements made
in any year were completely negativé. The remaining statements were -

neutral or mikeq.

The ‘children speak for themselves without editorial assistance:

I think the computer is alright. And it does help you but I really dont
like it  that much. But I think I learn more from the computer. then 1
do from the techer.

B

* %k %k *

I think the computers are boring. You do the same thing everyday. I
¢1earn an awful lot. But I think it is boring. Espeacially when you
don't understand something.

* % % %
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At first I want to go to the Computer. And I still like the computer
alittle but it helped me very much because at first I did:nt remember but
the computer hlep remember more  of what I'm doing and now I'm going in -
higher group. '

* k k %

I think that the Computer is fun and it can help you learn, and to be
smarter in class. A computer is a machine that give you all the answers.
A terminal is something that- gets it questions.from the computer A
computer is a nice thing to have. It helps you in what you need to work
on. And a Computer is like a teacher. It asks you questions and you
answer it. I think a computer is’ more smarter than you are and it is
smarter than anything.

* %k k %

I think the computor is allmost the best class in this whole school. For
one reason it helps you. tc understand things that you dont understand and
it helps you to know things that you don't know. You want to know. One
more thing is*I like the teacher. They are very nice if you don't know
something all you have to do is raise your hand and they will help you.

I am very happygihat we have computor in our school. I wish that we
would have got Y earlier. I'm also gla? that we get to go everyday of
the week. ' A

.o

* % k %

I like Computer Lab and then agian I don't.

I like Computer Lab for the idea of working with an important machine.
And I don't like it because I want to work in math. ‘I' m not very good in
math and I would like to get better. o \

**** |

o . N

The reason why I like the computer is because I learn new words e;éryday
and I like, for instance like the word "capsize" it means overturn. And -
it strecthes my reading and makes it interesting and fun! So it really
interest's me. And each day I go to the Computer I study the matter
first and then type in my answer. Typing is part of the fun! I get
familiar with which keys to punch in so I can finish my lessons, fast but
carefully. And most of all it keeps me on schedule and on time for
everything. Each terminal has a screen and it looks like a tv with a &
typewriter hooked on to it. The boringpart about the computer is the
percentage like 100% and 95% or 80% or else 0%. Some of the times when I
don't think about what I'm doing I accidentally puslh the credit button
the computer counts it as a mistake. That's why I like the computer.

* % % %

ol

\
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I like the C.A.I. room bec use when I was\little I got bored of the
teacher talking. I wished that something dould teach besides thé teacher.
Well I got my wish and I\wan to thank the' people that let the boys and
girls of (School 4) to go'to & A.I. room. \gh and please let 3rd,-1lst
and 5th grades go to C.A.f\ roam because I feel sorry for them.

look forward te} I know some people
Sometimes I don't want to go

the restroom.

* % % %

I pue\in\fice thing

I think the CAI stink. It is so boring. Sometime
and it says rong. I think the CAI should be junked

N
\

x k k % \
\\\ ‘ Computers help me but I dent like them. They tire me out cause\¥he
'\\\. lessons are too long. ‘
AN ’ ;. . * % k %

)

I like the computers at our school. They help me to do my math.
first came to class, I did not know to divide and when I started to
computer 1 lerned how to divide. It helped me more with Multiplicatio
too. If little boys or girl's start when they are small they can learn
better. We can do best if we start when we are like seven or less.
Thank you. b

v &

*
*
*
*

q

I don't feel that you ‘should take computer out of school. For myself the
computer has halped me a lot in my skills of language and reading. I
have improved a lot. (and I got used to coming to computer) some people
think computer is boring but it's not. So if you take the CAI computers
my grades are going low. Sincely. PS.' Don't take the computers.

* % %k %

¢ I like it because when I want to get inla higher level I just get in my
right position .and stop acting foolish } would just enjoy having a

terminal at home. % |
|
* k Kk k
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I like computer because we get time to get away from Mr. N. -

- ' ) * % %k %

I think we should not hdve €Al because families would have to pay more

_money. I really don't like CAI because I think teacher's can teach more

in a half hour than computors can and also they are uninteresting.

* % %k %

Computers is an exiting event, evérybod§ is working and trying hard to
get one hundred percent. It feels like we're a great big family, just
doing our jobs, so I like computers even though sometimes I get a low
score. '

From your computer lover.

x % %k %

I think the C.A.I. program is fantastic. I think the program should bé
spread through out every school system in America.

P.S. Dont you'think the computer should have spelling too.

* Kk Kk k ve L

Listen up and listen good....I like these computers becouse they help you

_learn new things, they....help you in lots of ways. I have math and Im

good at it but I wish I could be in topics or reading. Now I have lots

- of friends that likes computers and if you take them away we will be

disapointed. So you better not take them away.

P.S. I fell sorry for you if you take them away.

x % % %

el happy in C.A.I. sometimes but I feel sad because I don't get 100%.
1 already have about twelve of them. I love to come to C.A.I. with my
friends because we usually have funs I am in one of the highest courses.
I topped out of Reading and Language and now I am %ﬁ Fractions. Everyday
we go, you should see us how we run up those stairs: I really like it
because the way the buttons sound when you press on them. .I do my best
and 1 love it. a ’

k k %k %

I would like the C.A.I. to be changed in a special way so that everybody
could get a chance to go.. I don't think it is fair. I would like the
C.A.I. to be changed so that everyone could have a chance to work as a
helper in the C.A.I. if they would like to. I would like to see the
report on myself everyday. That's how I would like C.A.I. to be changed.

x % % %
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I like computers and I don't like them. The reason why I like the
computers is they helped me improve in my work and I became proud of
myself. And the reason I don't like computers 'is because they force you
to concentrate. ¢

Tk k Kk R

I like computer. Sometimes I act hyper, in computer and sometimes I am
mad and I don't do too good. Even when I'm happy I do terrible, but when
I'm not happy or sad or made I do pretty well. I'm trying to tell you
that my work in computer is how I feel. I try to do my best but, I have
a habbit of showing off, I try not té but I can't stop, when I get in
trouble in computer or anywher at school I get more in trouble when I get
thome, by my dad. When people yell at me in school I don't think it's
right, but after a while 1 understand. .

* % % *

In computers my subject is Langage & Reading. I like doing the work
except sometimes I'm not in the mood. but I know its helping me so I do
the best I can. The lady that helps us Mrs. Lord is very nice she does
charts of what were doing and makes schedules and she goes to other
schools to help them. She puts all her efort in doing things to help us.
Other kids don't really relize that. Any how I think you should -go on
with the computers because it helps kids more than they think and it -
- teaches them how to be better at things that they have trouble on and
helps them do the work faster and think faster. At my school they make
games and all the classrooms try to get high scores in there work so that
their class can win and get an award.

* N

So I think that you should keep the computer program going even though
they don't like it. It still make you learn & think faster.

* k % %

Computers sometimes are very boring, tiring and also no fun. But, then
again, we run to C.I.A. after lunch 'cause the room .is air conditioned.

* %k % %

I dont think computers are very fun I know that I1'm learning more than I
would in my class aloan but I find CAI boring you keep on getting
question after question I take.only Math-M and would find CAI mor
interesting if I could do some thing a little different once and a ‘while.
Truly, K. H.

.«

* k k *




E

~35=~

I thought the CAI was great because it helped me improve in math. I
thought it was a challenge because I never get a 100% percent.

x k k *
I liked computers because it was a lot of f&n. I had a lot of hard
problems but I made it through those. When I had new problems I needed a
lot of help, so I called on Miss V. I call her Miss V. for short. I
thought it was fun because it was on a computar. You didn't have to
write it on paper. I almost toped out at thegﬁgd. My average was /8.
Sometimes I got mad because I got a lot of problems wrong. I learned a
lot in computers. The computer taught me a lot about math. I was
lucky because math is my favorite subject. I liked my teacher Miss V.
she was very nice. 1 am going to miss that computer room very wmuch.

* % % %

To whom it may concern:

pors

I thin you should leave the C.A.l. program runhingt

I had a lot of help from the computers in language and in reading. They
teach you a better vocabulary than you already have. Because it sure
improved my vocabulary alot better than it used to be.

So I think C.A.I. should proceed as it does now.

*x Kk ok %

How I feel about the C.A.I.

The C A.1. is real boring but I guess it would be better if I had reading
or language, but I'm S;ULK with math.

It also seems to waste time in my regular class & I've never gotten 100%.
in my course.

.Thé teachers, Mrs. V. & Renee are very smart & its.fun to talk with them.

I think that even math is a good course' for me because, I want to be a
doctor or a Dentist and you need to know alot of math to do these things.
(I'm not very good in math.)

k % %k %

I like to do the computers becase I lern a lot.

I think that evre elemetry school shold have CAI what I mean is evere
school in the world shold have CAI.

* Kk k %
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I ah proud of myself‘on the computers.
It is a neat exﬁérience to work on the computers.
I think I have gotLien some good scores.

The computer teacher is nice and when ever I need help she's there.

* % % %

When I first started computer I really liked it. as I got older I didn't
like it a as much. Now I'm in fifth grade and I dont like computer. It

is a good program but It doesn't take my fancy. I don't like it because

it gets-me uptight and it makes me miserable. It makes me uptight and :
miserable because it is a computer, not a person, and computers are

taking over the world! The’ End

* * % %

I liked the CAI room last year because I liked the work that I did there.
It's fun because I don't have to write with a pencil. We could only type
with are hand you can not write with a pencil and they help us learn the
words like lanégage or reading or math we learned a lot:of things In the
CAI room that's why I'm sorry we dont go to the CAI room any more and

never again my my whole life. The end.
* * Kk %
1. I like the computer room because it's nice.

2. 1 might become a computer teacher some day.
3. The computers are nice to work on.

Y

It must be emphasized again that the selection of student letters
was intentionally biased toward negative comments in order to provideu
information about problem areas. A caution is in order, however. Most
of the "boredom” responses were a direct result of the research design by
which some students received nothing but mathematics CAI over periods of

three or four years while their classmates received both reading and

language CAI or a combination of all -three CAI curriculums. In general,

students enjoyed .the CAI labs, behaved well and attended to task.
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Teachers' Opinions

Each year teachers Qith CAl students were interviewed during the
final week of school. This section summarizes the responses of these
teachers in three areas: their evaluation of the CAIl program, their
ideas aBout how CAI is helpful to students, and their feelings about the

transition of CAI from a federally-funded project to a school program.

Program Evaluations

In Chapter II it was mentioned that initial acc;$tance of the CAf
proéram was less than whole—hearted due, at leastJin bart, to start—up
problems with the equipment and interruptions to the classroom 6rganization
in midyeﬁr. During years 2f4 of the-study, teacher attitudes about CAI
continued to be monitored. At.the end of each year teachers of CAI
students were interviewed and asked for their ratings on the following
eﬁaluative scales:

Overall, was the CAIl program:

well run leeeZ2eee3enebossd chaotic
harmful to pupils Seeebase3eee2enol helpful
disruptive non-disruptive
to class Seseboee3deeelessl to class
worthWhile B 10002000300040005 worthless
equipment equipment
undependable S5¢sebese3e0s2...1 dependable
Successful 10002000300040005 unsuccessful

Are you glad or sorry to have had CAI in your school this year?

glad . ° sorry d mixed feelings

JS
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Mean ratings bxﬁtéachers in years 2 through 4 on the program evaluatioﬁ
scaies are giﬁen in Table l. Data from year 4 are divided into 2 sections£
data from'Schools 1-3 and data from School 4. Since School 4 had a
difficult year internally in 1980 and also had a new CAI coordinator,
results from School 4 are perhaps less representative of CAI than of
upheaval. in the school. Having reported ihe data from School 4, we will
not consider it fur;her except to say, even here, Ehe responses are more
positive than negati&e. In general the ratings improve over time.

The positive evaluations in Schools 1-3 in the final year are in
contrast with the previously reported results for year 1 of the study.

At the end of the first year, there were serious reservations about CAI

and the way it operated. Now, at the end of the study, it apears that

2

these negative attitudes have largely beén overcome, to produce what can
be reasonably described as a vote of confidence from the teachers. All
teachers in Schools 1-3 in the final year of the study reported being
glad to have had CAI. (See Table 2.) . '

Scales regarding specific features of:the CAl prograﬁ give aﬁ
1ndication of étrengths and weaknesses. The most negative evaluations.
were of dependability of the equipment. Teachers occasionally reported
breakdowns ‘which caused disruption because of the necessary rescheduling
and students' frustiﬁﬁion. Some concern was expressed abéué disruption
to class, although the large majority of teachers still rated the experi-
ence as nondisruptive. The program got very high marks for being well
run, helpful, wor:hwhile, and successful.

Each year teachers were given a chance to make open—ended suggestions )

by explaining what they would plan if they controlled the program. Most

9;
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Table 1

- - Meén Ratings by Teachers in Years 2-4 .
on Program Evaluation Scales

Year 2 “Year 3 Year 4
(All Schools) (All Schools) (Schools 1-3) (School 4)

Well run: - 1.3 . 1.2 - 1.0 2.6
Helpful: ‘ 1.6 1.2 ' 1.0 . 2.2
Ndn-disruptive: 1.5 1.7 1.5 2.5
Worthwhile: . , 1.6 1.3 1.0 2.6
Equipment dep;ndable: 1.9 2.2 1.6 2.0
- Successful - LS 1.4 1.0 - 2.6
Table 2

Percentage of Teachers Reporting Being
Glad or Sorry to have Had CAI in Years 2-4

Year 2 Year 3 : Year 4
(A1l Schools) (All Schools) (School 1-3) (School 4)

Glad: . 88% 91% 1007 58%

#

Mixed Feelings: 12% . 9% - 28%

Sorry: - - : - 147
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;f the changes proposed had to do with the conditi;ns'of the experiment
rather than with CAI'itself. Mpst teachers éppeared to understand the
necessity ofv;bidingvby the experimentﬁl condiﬁi;ns but still chafed

under the restraihts. fhe most frequent suggestions were to assign

. students to pRgsrams according to need. The most frequent sugié&tioﬁ of
"this type was to use CAI for remediation when needed. Another freqdént
suggestion was to use CAI for enrichment and stimulation ;f more advanced
students. Another frequently suggested change calied for coordinating
~CAI lessons with the curriculu&. A,specifi; desire was the ability to

use CAI for}reinforcemenf--e.g., to give practice in a skill after a
lesson in that skill. Sevéral teachers mentioned changes in fhe scheduling.
However ﬁhere were no specific changes that were mentioned frequently
enohgh to justify a recommendation regarding scheduling. Aﬁswersﬁvary

with teachers' styles and experience. . -

CAl Effects on Students

Teachers were asked to discuss examples 6f students who profited
especially.froﬁ CAI and gtudents for whom it was a wéste oé time.
Relatively few instances ;f waste of time were mentioned. The ones that
were mentioned involved students who could not concentraté, did not
cooperate, or had learning problems that made learning difficult in all
settings. Few negative cases were cited. One negative result that -
sometimes occurred was the assignmént of non-English speaking students to
CAI programs in reading and language, causing increased frustration.“
This resulted from adherence to random assignment‘in the design of the

experiment.
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The teachers suégested a number'ogyhypotheses about circumstances
in which CAI might héve especially beneficial egfects. Two gfoups of
students were mentioned'repeatédly. The first was students who have
limited English speﬁking ébiiity. ﬁheﬁ és;igned to CAI mathematics (as
contras;ed_with reading and language), these students had a chance to g0 -
ahead with minimal frustration froﬁ,language problems. The other frequently
ﬁentioned groups were,abové-éverage and gifted students, who get an
opportunity to move ahead at their own pace. Several teachers reported
_being asked to explain concepts encountereg in CAI but not covered in
class. Often with a little bit of instruction from the teacher and
coordina;ors, the student was able to progress.

A number of teachers mentioned motivational valves, which especially
helped some student;. Here are some examples:

o CAI was credifed in building self-confidence in a number of
students. The feedback gives them confidence to try tasks they

otherwise shy away from.
o Concrete knowledge of results encour%ges persistence.

o Awards and competition provfﬂe reinforcement that was highly
motivating to students.

o The break from routine is motivating for some students.
Teachers often mentioned features of the process of.CAI itself thgt
are advantageous for some Student§. Among these were the following:

o The machine fequires concentration and discipline. It provides
structure. This is particularly useful for students who need .
training in self~discipline.

0 .The machine is benign. It does not require verbalization,
putting ideas on paper or interacting with peers. -Therefore CAIL
is an effective method for students who have problems in these
areas.

i
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There were a number of other ideas which were mentioned by only one

or two teachers and which provide usefuf hypotheses.

o Many students leave the area for weeks at a time and then return.
CAI picks them up individually where they left off.

o The computer does not "label” low achievers as do reading books
and reading groups. . ' .

’

0 The short problems and immediate feedback are good for students -
with short attention spans. . .

The Future of the CAI Program
During the final year of field operations for the ETS-LAUSD Computer=
* Assisted Instruction Project, teachers were asked the following questions: _ .

.o If there were no coordinator next year would you féeel
comfortable bringing your class to the CAI lab on your own?

[}

oo Would you feel the need for in-service training on the com-
- puter’ The terminals? The CAI‘cutriculums? .

.«  If you had your choice, how would you use (or not use) the
CAI lab next year?

oe What problems do you foresee for the use of CAI in future
years? ®

Almost two-thirds of the teachers responded that- they would be co;fortable

on their own in'%h; CAI lab. Some expressed a preference for wmanaging

CAl themselves, glthough many more were concerned about the lack of a/
coordinator. Schools with small CAI labs—-with 16 terminals ipstead of
32--we;e-especially bothered by the laék of funds for a coordinator. "1

don't know quite how iﬁ's going to work-TPvinging my whole cléss to the v:

lab with only enough terminals for half. I'm not sure how to handle the

, q -
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children who'can't be on the terminals. But we'll work it out.” Only
a few teachers were reluctant to be in the CAI lab on their own, and
_ their perceptions were probably best expressed by the teacher who said,

"No way! The téchnical problems_would be terrifying.” Only two of the
41 teachers.balked atiin;service training on the computer program: one
because she felt she was completely nonmechanical aﬁd anotﬁer because she
waS‘alréady éverwdrkéd. Thirty-nine teachers responded positively to the
need for in-service training. Many.felt‘they knew a great deal.already
but could use additional:help on the more technical aspects af the CAIL
: operation.’ v

:Given their choice, 37 of the 41 teacheré interviewed would elect to
take their pupils to thé CAI 1lab th¥ee to five times a week. One teacher
would choose not td go to the lab and two othe;s would send only selected
stGdents. One teacher had not made up her mind. Eight teachers would
prefer to go to CAI only three days a week, while 29 would elect to go on
a daily basis. Of those who specifically mentioned whether they would.
prefer to have one CAI session or two, more than 60% chose to ﬁave their
stﬁdents remain in ﬁhe lab for two sessions of CAI. Mathematics was the
CAl curriculum mentioned specifically most often, althqugh many tééchers
' mentioned selecting the CAl cufriculum on the basis of need. (None of
theﬁ ;ec0mmended¢gontinuation'of the process of random assignment of
studenés to curricﬁlums!) |

‘ The lack of money to run the CAI laB, the loss of a full—-time

coordinator, and the maintenance of the equipment topped the list of

&
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: ;o /
problems for CAI in making the transition from a federally-funded project

: ! . /
to a school program. More than half of the teachers mentioned at
. !

, /
least one of those problems. Staff training or in-service was pentioned

as a problem by six teachers. Six teadhers mentioned there woﬁld be no

/

problem, and several mentioned compute&s as thé tool of the f%&ure,
receiving more and ﬁore use in the educational community. Laék of
control in the CAI lab was reported as a possible problem by/ three
teachers and scheduling by four others. /

Despite the problems mentioned realistically by teachers, attitudes
toward the future of CAI»in the fo’r schools were generally optimistic.

Teachers knew that the transition/would not be actomplishéd without

y | :
problems, but they had 1little doubt of their own ability Fo cope.

/

!

The Principals' Perspeétive

The principal of each CAI school was interviéwedoat the end of the

project, and all four were unreservedly enthusiastic about the

]

success of the program through the first four years. Ih;addition to the

students' academic gains, thevprincipéls cited other valuable educational ‘

outcomes such as providing students with the experience of success and
teaching them the discipline of_staying at a task. The principalé’Valued
the fact that the program uses positive reinfofcement and felt that the

~ work wﬁs interesting and challenging for their students. Three of the
prinéipals made particular mention of the‘very positive attitude of
parents toward the CAI program and credited the program with improving

the relationship between the school and the community.

Yo
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All principals expected to operate the CAI labs in their schools
duringuthe 1980-81 school jear. What actually happened during that

transition year is the topic of Chapter IV.




~4 6~
Summary

In Chapter III we have reported on evaluations of computer—assisted
instruction from several perspectives. Coordinators of CAI labs wrote of
their successes and failures. Students wrote of their pleasure and
frustratidn. 'Teachers evaluated the CAI program, discussgd its effects
on _students and contemplated its future. Attitudes of students and
school personnel were overwhelmingly positiQé but problems were reported.
Principals expressed concern abdut the transition of CAI from a federally

funded project'to'a school prbgram financed by the Los Angeles Unified

School District. A report on that transition is the subject of Chapter IV..
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Chapter 1V
TRANSITION*

Of concern to teachers, coordinators and principals was the
transitiop ofAtﬁ; CAl program from a federally funded project to a
program r;n by the schools. - This chapter describes the transition
during the final year of the project and the first year without

project funding. There are two sections: a diary of the activities of -

the transition and a report on interviews with school peréonnel at the

end of the year of transition.
The Diary of Tramsition

October, 1979

Q

Planning for the transition from an externally sponsored project
to a school district program administered by the individual schools
began in October of 1979 with a meeting called by Dr. Warren Juhnke,

Deputy Area Administrator of -Area 4 and director of the project for the

—
" ——

Los Angeles Unified School District. Present at that meeting were
the principals and CAI coordinators of the four CAI schools; Ms.
Roberta Woodson, coordinator for three years at School 4; Ms. Judy

Newman, substitute coordinator at all four schools, inte:?iewer, classroom
observer, and testing coordinator; Dr. Marjorie Ragosta, ETS Project

‘Director; and several Area 4 administrators, with responsibilities in the

*The major portion of this chapter was written by Puff Rice.

-7~

li}'!




-48=

areas of learning disabilities, curriculum ;oordiﬁation, and general
administration. Throughout the year of planning, this remained the core
group, sometimes augmented by other specialists and administrators.

| At this first ﬁeeting‘the tw; immediate responsibilities of each
school were established—--to devélop an individual plan for a cal program
for 1980-81, and to begin aé once to search for funding sources;
Nohe of thg>partic;pants expressed the slightest doubt about wanting
or ﬁgeding CAI, nor did they express any hesitation about assuming
full reéponsibility for running the program. The question of funding,
however, especially in light of the scarcity of funds since the passage
of Proposition 13, was seen as a se;ious ;roblem. It was suggested
that the‘Management Information Division of LAUSD might support the
mainteﬁance of tﬂe equipment and pO%sibly even the rental of curriculums.
Funds designated for instructional materials were also suggested as a

©

source for curriculum rental money. It was felt that money for personnel

to run the CAI labs would be the most difficult to obtain. Various

pbssibilities were identified for exploratiod: Title I funds, bilingual
educagion funds,”M;ster Plan funds, ESEA funds (inéluding funds designated
for racially isolasgd minority schools--RIM); special federal or state
allocations, Area'z's own money, a prog:am plan with"a buéget submitted

directly to the school board, and the "Adopt—a-School” program.

’.Thé égtitude of the participants at this meeting was very positive,

even while recognizing the reality of the funding problem. The group

~ agreed to meet again in December to check on progress.

‘




December, 1979

In addition to the core group, several Area 4 and district level

administrators and consultants attended the December meeting, representing

_ Master Plan, special education, curriculum services, learning disabilities,

and the Management Information Division. Mrs. Eugenia Scott, Areé 4
Superintendant, was unable to atténd.. Dr. Ragosta, who’was also unable
to attend, sent another member of the ETS project staff. The purpose
of this meeting was to bri;g together and diséhss the individual school
ﬁlans. |
Schools 1 and 2 had.prepared a. joint pian, sinée they shared one
computer. Their plan c;iled for serving the ;ntire population of each
school, including Special Day Classes. An adult ESL class would also
be served At School 2. Because the CAI lab at each school was designed
to accommodate only half a class, a coordinator would be needed at
each school, so that children would never be left without a certificated'
teacher‘in charge. School 4's plan also called for serving the entire
school, including Special Ddy Classes. Their plan suggesteq one
coordinator to serve all four schoois, with each school paying 25% of
the coordinator's salary. School 3 also suggested a traveling coordinator
but added the idea of one regular feacher';t each school having responsi-
bility for that school's CAI program. Schp§1 3 planned to involve all
regular classes in>thé CAI program with the hope of expanding to include
spécial'education students and an. adult education class. //\'
On the subject of funding, Dr. Juhnke estimated a total éost for B

the four schools of $200,000. Schools 1 and 2 presented a joint budget /

of $89,033. They had no idea where that money might come from. School 3

100
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submitted an optimum budget of $Si,366 (with a full-time coorQinatof)

and a marginal budget of $30,588 (Qith 25% of a coordinator).;\They
expepted to be able to support two teacher aides ffom their Titlﬁ I

funds but would need outside sqpport.for the rest. School 4, alfhough
they had not prepared a forﬁal_budget, estimated that they couid pkeyide
two teacher aides from local school funds and 25% of a coordinator f;om
their Tiéle I funds. ,Even if the costs of hardware maintenance and .
curriculum rental were to be provided by the Management Information
Divisioﬁ, as the administrators thought was reasonable to expect,

funding for the bulk of th; personnel costs was still a problem of

iﬁmense proportions. All the schools firmly maintained that a coordinatqr
was essential.

Facing tthpbssibility of insufficieﬂ; funding for the kinds of

pians outlined by the four schools, participants in the meeting conside;ed
a number of other imaginakive approaches. it was suggésted that separate
funds might be obtained for adult education programs, although such money
probably could not be applied to the regular school program. The principal

of School 3 indicated that he preferred "parent education,” which is

under -the control of the local school, whereas "adult education” is not.

He felt that a night program at School 3 would pose a serious security

problem. A parent education program was also suggested for Schools 1 and
2, combined with a half-day program of CAI for the children at each
school. It was felt that the local.parents of School 1 either did not
need or would not support such a program; the parents'of children who are
bussed from the othér schools in the integration triad'to which School 1

beionged lived too fér away to participate.

103
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A question was raised about the advisability of suggesting that

o the A-16 computers be "traded in".fof A-17's, for which more varied’

. curricdlums are ébailaﬁle. The consensus, especially among the core
group, was that the schools needed to convince the school board that
the equipment and the program they already had were good and should be

. maintained. .

A proposal for Title IVe fhnding was suggested, but the administrators
present felt that the CAI program could not qualify, sings it would be
considered an ongoing. program rather than a new one. It was also
pointed out that the competition for such money was fiercé, and the
grants were small.

Since School 1 and 5chool 2 each had only enough terminals for
half a class, it was suggestéd that the terminals all be housed in one
school and the children be bussed from the other sghool. Although this
would eliminate the necessity of having a certificated teacher in
charge of each half of the class, the cost (in both time and money)
and the administrative cumbersomeness of bussing more than outweighed
the advantages.

One of the consultants suggested relocating the terminals in
regular classrooms, two or three to a room, so that classroom teachers

~ could use them liie resource centers. This would completely eliminate
the costs of coordinators and aides. It was felt that this would alter
the nature of thé program too drastically and would very likely result
in greatly reduced benefit to children.

Summing up the meeting, Dr. Juhnke directed each CAI school to

decide what program would be best for them, even if their program was

TN
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‘different from everyone else's. He emphasized that "No Program” was
n6t an option; although'the funding agency had agreed to turn over the
equipment to the schools at the end of the research project, it had

done so with the understanding that the equipment would be used.

The attitude of grave concern for the future of the program that
was expressed at the meeting waé consonant with the feelings of the '
‘Foordinators when they were interv;ewed several days prior to the
meeting. They felt‘that no progress was being made in funding and that
unless outside moﬁey were found the program could n;t funcFion at all
in 1980-81. Even the prospect of money‘from the Management Information
'Divi;ion for maintenance and curriculum rental did nothing to alieviate
their fears. They all felt that the program Qould not be used without
a coordinator. One coordinator reported that she had tried toftrain
five primary teachers to handle a class in the lab. Four gﬁQe uﬁ after
a short while; one continued to try but was ineffgctive. The cqqrdinators

were considerably more pessimistic than their-.principals and the Area 4

administrators about the fate of the CAI program in 1980-81,

January, 1980

A composite pfopOsal for a CAI program for 1980-81, cdntaining
thé final individual plans aﬁd'spdgets of the four schools was submitted
to the Area 4 Superintendent byfﬁf. Juhnke in January of 1980.

?he planned program for School 1 called for all pupils in grades
1-3 to receive CAI for 20 minutes each week. All fourth graders would
receive 50 minutes of CAI each wéek. Individualized instruction would

be provided forlSpecial Day Classes, ESL children, and mainstreamed

\

\
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childfen. (There were no fifth or sirth grades at School 1 because ‘of
the integration triad arrangement.) The cost for the program at School 1
was $31,727. L

School 2 proposed proQiding CAI for all students in grades 1-6 for

a minimum of 50 minutes per weék; Children in Special Day Classes‘énd

ESL children would receive individualized instruction. .School 2 planned

to continue to offer ESL parent education using CAI. The budget for
School 2, including‘hardware and software costs for School 1, Qas §53,754,
(School 1 used the computer housed in School 2.) |

School 3 planned t; provide CAI for all pupils in grades 1-6,
with the amount of CAI time per week varying according to need. Individualj
ized instruction would be provide{ for pupils with exceptional needs. A
community adult education plén would also be offered. School 3 proposed
a minimum budget of $22,340 and an optimum budget of $51,013.

School 4 proposed a CAl program for all pupils in grades 1-6,
for varying amounts of time aécording to need. The minimum CAI time
for any student would be ten minutes daily for one semester: School 4
also propoéed individualized instruction for pupils with exceptional
needs and a community adult éducation program in basic skills and ESL.
A unique feature of School 4's bian was an enrichment program for state
identified gifted stﬁdents. School 4's budget was $29,449.

It should be noted that all of the final budgets were slightly

" lower than the original estimates discussed at the December meeting.

The optimum total budget ($165,943) was $34,000 lower and.the minimum
total budget ($144,270) was $56,000 lower than the estimated total of

$200,000. Possible sources of funds were suggested in the proposal,

N 14
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including Title I (for Schools 3 and 4), iﬂfegration funds (for School 1),
the Management Information Division (for hardware maintenance and
curriculum rental); ESEA funds, Master Plan for Special Education funds,
a grant from fhe Bureau of Education for the Handicapped, bilingual
education money, state identified gift funds, and private industry. .
The tone of the proposal was quite strong and positive, citing the
record of sﬁgcess already established by CAI and the monetary value
of the equipment soon to be transferred into the school district's
possession. The proposal pointed out the strong foundation;of trained
staff and of community and teacher support that had been developgd over
the first tliree years of the prqject. The many ways in}which CAI saved
classroom teacher time while providing documented educationgl benefits
to students were enumerated. The proposQi closed by stating the willing-
ness of all four schools to work with the Evaluation and Research

Branch of LAUSD to'buildkevaluation components into their programs.

o

May, 1980 -
At a meeting of CAI principals and coordinators in May, Dr. Juhnke

summarized the progress of the composite CAl proposal since January.

The proposal was submittgd to the deputy superintendent of the district
in January. The CAI principals, one of the coordinators, the Area 4
superintendept, and Dr. Juhnke pet with him in February to discuss it.
The deputy superintendent strongly supported the proposal and appointed a
committee to investigate possible funding sources. That committee met in

March. The results of its deliberations were negative: any Title I

monies applied to CAI programs would have to be drawn from the local
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: schooi'é reguiar Title 1 budgét; élthough schools that received School
ImProvement Program funds could elect to use thosg fuhds for CAI, no
additional SIP funds would be fprthcoming; there w&uld be ﬁo involvement
- with adult education programs.

The only positive news about funding was that the Management -
Information Division had received a lower bid than anticipétea for
hardw;re maintenance and expected to be able to cover that expense as
well as ﬁost if not all of the curriculum reuntal costs. By w;y of
underscoring the‘severity“of the schoolldistrict's financial piight,

'participanté in the meeting were informed that the district's expenditures
haa exceeded its income in 1979-80 by $20,000,000, and that $60,000,000
had been cut from 1980-81 program funds-in the preliminary budget.

Although he remained stubbornly optimistic, Dr. Juhnke realistiéally

~l

- .advised fﬁe coordinators to make alternate employment plans for themselves
for the{poqing year. ~

.The possibility of applyi;g for a Bank of America grant was dis-
cussed.- It was felﬁ fhat individual schools stood a bettér chance of
recéiQing such granﬁs than would the four schools applyihg-together. The
-grants would ;ot be lérge enough to cover the cost of a coordinator,
rhqweyer. The Bureau of Education for the Handicapped was also considered,
andﬁﬁreliminary invéstigation'indicéted that they would consider a small
proposal for a study of the use of CAI for the handicapped, but such a
proposal could nét be fuﬁded by Septembef. The indiviaual séhools
were instrucied to look At fheir proposals again, eliminating the

hardware and software costs, and to see how close they could come to

meeting the rest of the costs throﬁgh their local budgets.

105
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Dr. Juhnke reaffirmed his belief that the deputy superintendent was

"committed to the program and that LAUSD would not let the equipment

sit idle and the ‘coordinators' expertise .go to waste. The Area 4

superintendent, who was able to come to the last part of the meeting,

‘agreed that the financial picture was dismal but stated .that she had

faith that a way wouid.be found._ The coordinators were disappointed

and downcas}. The principalé--partiCplarly of Schoolé-{ and 4--
continues to wrestle with thé problem, searching for some way-to carve

out enough money>tq keep the progtam~élive{ It was generaiiy acknowledged

that without a coordinator the program simply could not serve as many

children effectivély as it had before.

June, 1980

‘The principal of each CAI school was interviewe&yat the end .of the
school year to discuss tﬁeir plans for 1980-8l1. Looking ahead to the
first-year of operation as a school=run program the priﬁcipals expressed
several concerns that were common across all four schools. Foremost was
the lack of funds for coordinators. - At this point the principals had
abandoned hope of any funds other than those to be provided by the
Management Information‘Division. All the'principals felt that the
coordinator was the key factor in making the program'run.well: and they
expreq&ed keen regret fhat withéut a coordinatof the program probably
would not be able to serve all of the cpildren that it had the pdtential
to serve. Without a coordinator, individual teachers must leafn much
mofe about managing the program than they had to know before, and that

meant inservice training, another problem of time and money.

L]
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A second common problém was the general unée;tainty about school
enrollments, which left such matters as class Sizé,'number of, classes,
! . i )
assignment of facpity, and even budgets to be settled some time after
school oﬁened in the fall. Although fhig’was an uncertainty which
.administrators élways had to livg with in'Los‘AngeLes, the situation
was fgrther~§ompligated by the diétrict-wide inteération program that
was in the process of being challenged and redesigned. School 1 and
School 3 were each involved in codpérative,integrationfpléns with
schools in other locations. '
The Title I schools (3 and 4) had some similar featurés that
influenced their plans for running their“CAIu;rograms in 1980-81.
Both schools were large. Both had enodgh'te;minals in the CAI 1lab
to accommodate an entire class;.so that the regular classroom teacher
' could accompany stude;ts to the lab, and all students in the.glass .-
could work on theltermina;s at the same tiﬁe. The Title I budgets
provided some funding flexibility that tﬁe non-Tit;ng.schools did not
have. Two teacher aides for the CAI lah were Wﬁ}fien into the Title I
budget }or each school. At School 3 the same aides who worked in tﬁe
iab in 1979-80 expected to return in 1980-8l. School 3's Title I
budget also includéd funds for ; "professional expert” to spend some
time training teachers to use‘the éystem. §chool 3'expected to. hire
as a ”érofessional expert” their former C:I coordinator, who planned

to take a year's leave in 1980-81. At School 4 the Title I budget

included money for 25% of a coordinator, which was a possibility being -
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cdnsidered at the time budgets were being prepared. Although the
school district had abandoned that plan, the money was still in the .

¢

decided how to make the best use of it.

g

b

budget, and Schéol 4 had noﬁ yet
School 3 had made definite plans for 1980-81, involving the groups

that the principal felt had benefited most from the program in the

7

past=—the fifth grades (whoselieache;g;weféwglgogthe most” enthusiastic

3

about CAI), the Special Day Classes, and:thé childfen in the Master Plan
program. Children .would go to the lab every day for at least 10

'minﬁtes. Regular fifth graders would receive the mafh curriculum,

SDQ chi%dren'would receive ma;h‘and reading,Aand Master Plaq children
would be assigned to curriculﬁms according to their needs. After
one semester, more classes would be addedbpo the schedule if possible.

At School 4 no definite plans had been worked out at the time of

- ¢ .

the interview. The principal expectéd to be able to formulate a plan
during the meetings with resource teachers after the close of séhool,
The pfincipai anticipated. that the responsibiiities of part—-time coordi-
nation could be assumed by one or more of those teachers. Although

the principal of this school had been highly supportive of the CAI

program from the beginning, and although the program had been regarded .

" as successful by the ﬁhrticipants‘in this school, the school and community

turmoil of 1979-80 consumed all the energies of the principal and staff,
and it was not possible for them to‘adeqnately address all of their other
importanE concerns. .

The two ‘small non-Title I schools shared problems quite different

‘from those of Schools 3 and 4, Schools 1 and 2 both had CAI labs with

©
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only enough terminals for half a class. The absence of a CAI coordinator
‘meant that a teacher must take the entire cl#ss to the CAI 1lab, eﬁen
though only half of the chil&rén could work at the terminals at one

time; This had been éried‘with varying degrees of success. For 1980-81
it was suggested that some rearrangement of the termina;s ahd counters

in the lab might make this a more workable procedure. Anqther possibiiity
was to have teachers work together; regrouping children so that those

who needed extra work could éo'tO'the lab with one teacher whilé the
others stayed in classrooms éo?ered by othef tegchers.

An additional problem shared by Schools 1 and 2 was the lack of
acceqé to funds outsiﬂe the regular school budget. The principal of
Schoél 1 thought that funds designated for a iibrary aide might be
used for a CAI aide instead. School 2's principal planned to hire a
half-time aide using some carry-over funds from 1979-80. School 1
expected to have their foémer CAI coordinator back as a regular classroom
téacher‘in 1980~-81, but it was not at all clear how they'ﬁould be able to
make use of her expertise without sacrificing her classroom responsibil-
-ities, since there were no funds to coversadditional hours for her as a
coordinator or "professional expert.”

Neither principal could épecify at this point what their CAi
program would look like in 1980-81. Those decisions had to wait gntil
‘the fall. The principal of School 1 expected to use the lab for older
.childreﬁ first, adding the younger ones if possible. Preference would
be given to teachers who wefe enthusiastic about CAI, because the

principal felt they would make the best use of it. The principal of

112
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SchoolHZ planned to use CAI fof all classes, inclﬁdiné the Special
Day Classes and the adult ESL:Elass that began using-the lab in 1979-80.
Thtough.all‘of the discussions of future use of the CAi program,
the problem of not having a full-time, certified teacher as a‘COOrdinator
was tke common thread. Without a doubt the coordinator was viewed as
thé critical factor in a successful CAI program, but the g;incip;ls

wefe determined to find a way of getting some goodvbut bf the program

- October, 1980

Dr; Ragosta visited the four CAI schools in Octobér,.to learn at.
first hand how-‘the CAI programs were progressing. The situation waé
worse than anyone could have anticipated--thefe were no programs to
‘observe. The LAUSD budget had been cut by $80, 000,000, and there was
absolutely no money for CAI brégrams, not even for maintenance or
curriculum rental.“ Moreover,—neithe; of the Bank of America pfoposéis
had'béen funded. |

The enormous budget.cut was a major disruptive force in all the
schools not only because of its effect on special programs but aiso
because of its impact on class and faduity size. A related and
equélly powerful .force was the desegregation plan, which drasticéily
altered both the total enrollment and the grade makeup of many schools.
Because the desegregation plan was being-redesigned even as it emerged,
it had the effect of keeping schools and communities in a perpetuél

state of uncertainty about what new arrangement migbt be imposed on

them tomorrow.
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At School 1, the desegregaﬁion triad that had seemed to work well

for two years had been abandoned. 1School 1l was now sending itsjfirst,
third, and fifth grade students to another school and receiving a

A

proportionate number of second, fourth, and sixth grade students in

exchange. (In past years.School 1 kept its own students. in grades K-3,

réceived fourth graders from twéxbthermsghools, and sent its fifth
and sixth graders to the schools from which the fourth grédens‘came.)

Theﬂprincipal had no money to do anygﬂiﬁg‘wi: CAI and doubted that’
. :

—

~——

the program could operaté at all in41980-81. - ‘ -~
At School 2 the situation was equally gloomy. The principal

expected no resources of any kind to enable ﬁgé\échool to run a CAI

program. ‘ ’ . . -

The new principal at School 4 was interested in CAI as a means

of lessening the "white flight"” that was expected to result from the
new desegregation arrangement in which SQESS} 4 was involved. No one
was quite sure Jjust what that arrangement was goiné to be, and a lot

of conflicting information had been received. Funding for CAI, of

course, had not materialzed.

The principal of School of 3 was still doggedly pursing funds that '

might enable thgm to operate the CAI lab in the second semester.’ The
principal had éubmitted a proposal for $5,000 to add to $8,000 of Title I
funds. The combination would provide almost enough money for maintenance
and cur;iculum rental.

Los Angeles administrators were agreeable to Dr. Ragosta's idea

of submitting a proposal to the Office of Special Education to ao a

R

11,
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study of CAI for special education pupils. The possibility of removing

the equipment from Schools 1 and 2 and installing it in special education

schools was considered. The consensus was that whatever stood the best

chance of reactivating a CAIL program should be pursued.

December, 1980

As exﬁecﬁed, no CAI program existed at School 1 or School 2,
because of a total lack of fun&s. The two schools were now being .
served by one principal (who had prévioﬁsly been the principal of‘l
School 2), the former principal of School 1 having been transferred
to énqther part of the district. The closing of School 1 was again
being cqnsidered. The‘principal had been édviéedAby the Area 4 office :
that there was absblutely no hope of any money for CAI for either
schopl, ' |

“The\pfincipal of School 3 h;d managed to secure $12,000 in discre--
tionary'Title I funds, which he.supplemenfed with $1,611 of School 3's
own Title I money to make up enough to get a limited CAI prograﬁ into
operation. "~ Because School 3 qualifies as an Educationally I;pacted
School, the resource specialist who agreed to servé as coordinator oflghe’
program was eligible to receive an 11% ;alary incrgment for her additionai
duties. The former CAI coordinator at School 3 returned to give a V
two-day'inéervicg program for teachers and the new coordinator. Thé
progragﬁaii\séijp to serve all the fifth graders, thrée Special Day

Classes, and ten children in the Resource Program, a tpﬁgl of 154 children.

Although regretful that such a small number of students were being

¢
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served, the principal was understandably pleased to have any program at

|
|
' all, given the odds, and felt that it was runn%ng well.
I School 4 received a similar allocation of Title I money in mid-
l December and began making arrangements for a pLogrém. The principal
had also applied for a special education grant but thogght there was
l -only a éliéht chance that anything would be forthcoming. The desegregation
plan. had been put into effect by this time, so that School 4 contained
' first, third, add fifth grades, and the schoolA with w‘._mich Schoél 4 was
paired consisted of éecond, fourth, and sixth grades. Thé principal
mentioneé ﬁhe possibility of a different arrangement for next year, in

which School‘4 would become a magnet school, CAI being part of the

“magnet."”

March, 1981 .

The CAI program at School 3 was running well, serving 142 children
in regular and'Special Dgy classes and about 25 in the Resource Program.
The new coordinator was, in the principal's words, ;the heart of the
program.” .

The CAI program in Schooi 4 began operation in February. There
were’a few equipmeht problems and some difficulty geiting repairs,
but by March everything was going well. Twé half-day teacher aides
had been hired, one of the school's regular resource specialists was
serving as a coordinator, and the original CAI coordinator for School 4

! éame every other Friday to help in whatever way she could. (She was

also available by telephone in emergencies.) All classes except one .

13
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first grade were participating in the program, including the Special
Day C;ésses. The teachers and étudents were enthusiastic.

The outlook for 1981-82 in both schools was gfim. The school
district budget was cut by an additional $15,000,000 over the previous
year's cuts, and funding in many categories was likely to be completely
eliminated. The court Fq}ing outlawing bussing to achieve integration
was to take effect on.April 10, 1981, but with parental discretion;
that.ise garents éould'chose to have their children return to the
neighbérhood schools or leave them in the schools to which they were
bﬁssed, The last nine weeks of the school year were expected to be
chaotic. What September of 1981 might bring was simply impossible to

predict.

June, 1981 s
The teachers at Schools 3 and 4 were i;terviewed at the end of the
school'year. School 3 ﬁad used all three curriculums for the regular
fifth grade classes, rotating curficulums on a weekly basis. Thé Special
Day Classes tried some reading and language but‘used mainly mathematics.
Each class went to thé CAI lab fohr‘days a week, for 15 or 20 minute
sessions. The teachers at School 3 were uniformiy éhthusiastic about the
program, the SDC teacher especially so. Several teachers mentioned the
advantage of being in the lab with their gtudents, so they could see where
children wcre having problems'and provide follow-up in the classroom. They

were surprised to find that the Spanish-speaking children were able to make

progress in the language curriculum.
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At School 4, only the mathematics curriculum was used, and every
class (ekcept the oné that did not participaté et all) went to the lab.
twice a week. Length of sessions varied from 15 to 30 minutes. Of the
13 teachers interviewed, only one expressed consistently negative
feelinés about the program. The other 12 were glad to havevhad the
vprogram in their school, feit their students had increased their math

skills, and characterized the program as well-run, successful, and non~

disruptive to the class. There were various opinions about scheduling,
especially with regard to the ideal number of sessions per week and the

choice between taking half a class to the lab (leaving the teacher to

work with a smaller group in the classroom) and having the entire class

go‘to the lab at one time; Most of the first grade teachers preferred

=y

the latter'afrangement: Three teachers said they'wouldzhave’liked to e

have.uSed fixed strands (concentrating on one skill at g t;me) instead of
variable strands (a mixture of many skills), so that they could have
coordid§ted CAi Qith the regular cléséroom work. Two teachérs who had
worked with CAI in previous years said they preferred having the whole
class working on the same curriculum. One teacher mentioned that she had
used performance in the CAI lab to confirm her own observg;ion of childr;n
who should be tested as possibly gifted. The two SDC teachers in partic-

ular reported that their students were very enthusiastic about the program.

The funding outlook for 1981-82 was even worse than the nrevioué S
year. Rising costs and additional budget cuts made it impossible even to

imagine where money for & CAI program might be found.

. o
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- Appendix A

log: November 6, 1976 to March 30, 1977 (Excerpts)

Roberta Woodson
CA] .Room Coordinator




LAUSD/C.A.I. Project Roberta Woodson

November 6, 1976 LOG

T

The terminal room is shaping up. " It's very exciting. The counters
are in. Painting is done--walls yellow and doors orange. The room is
ready for hardware. Somehow never thought it would really happen.

’ As the terminal room is taking shape, students are showing interest.
Some of the most disturbed kids are very excited about the computer
coming. It's been fun.to show them the process of a classroom being
converted to handle terminals and a computer.

-

When the workmen are sawing or hammering,.the-noise disturbs some of
the classrooms.

A few complaints.

November 23, 1976

The terminal room now has its mistress: ‘Clarissa the computer. In,
a few days one terminal will be installed, and we can begin working.

Yestérday was the first CCC Hardware in-service, at School 3. CCC
personnel directed us through protected routines. It is very fulfilling
to finally work on hardware tasks. Anxious to begin with students.

November 24, 1976

Computer repairman here today. I hope computer and terminal will
soon wofk. Room is shaping up—-kids come by and ask to see what's going
on, they seem eager to start. Next Thursday will be the first run-—through
of the schedule. Teachers are interested too.

Will be ready to enroll as soon as ID#s arrive and terminal and ‘
computers are workings

. {
My Teaching Assistants are excéllent and full of enthusiasm for the

project. I am very happy with both of them.
\



November 30, 1976

Terminal and computer are UP-finaliy! Have enrolled all classes but

one. Terminal .is doing fine--pretty logical. Computer printed out bad!?
for ho logical reason. :

December 2, 1976

First day with children! All daz-very interesting. Folirth- and
sixth-graders had many questions:

What is 1D#? Why? How does computer know things?
Thiskwas just a general introduction to the room: No terminals.
They were surprised,that air conditioning was needed for the ‘computer.

One second-grade teacher very upset that the groups weré andomly
selected, because the grouping was in conflict with her math grouping. I
felt bad, but there was nothing to do except be flexible. In terminal
room, - Some groups arrived on time, others not. These problems will get
ironed out.

T hope the 10-15 minute allotment for 1/2 of the second-grade
classes will be enough time in the room.

December 8, 1976

" Kids all day agaih worked on keyboards--which keys are unique, etc.
Children always anxious to come to the computer terminal room.

One class of 4th—graders seems very unruly-—they have some trouble
walking in and out. They stand out as a group.

Students keep asking when the rest of the terminals will come.

Ten-minute time makes it impossible to do very much readiness work
with those second-graders.

" , ‘
12,
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December 10, 1976

One teacher is still upset that pull-out is random for her second-
graders. She does not complain directly to me, only to other teachers. I
usually hear it 3rd-4th hand.

One other second-grade teacher was disturbed by the random selection.
" Understandably, because the random selection at Grade 2 really wreaks
havoc with the teachers' groupings.
The other teachers seem very cooperative; they seem glad to be
relieved of their students for a while. Strangely enough, not too many
of them have shown ardent interest in the terminal.

- Two teachers sa far and the assistant principal have come into the
room and actually wanted to see the terminal function.
The teachers are not as enthusiastic as the students are. 1 think
this will change when their students become more involveds

January 3, 1975

First day after vacation. All 32 terminals lined up on their
counters. Unfortunately, only 8 are functional. The man from Cincinnati
Millicron is here working on the computer trying to fix the rest.

-

Strange .to see 32 terminal CRT screens instead of 32 smiling faces.

T Lots of students are asking.uhen will they start. One girl asked
"Do we tome to the. incubator room today?” .

[

Many teachers asking when will it start? Suddenly realizing CAI’
will permanently be in their schedule. Another second-grade teacher
upset that it will break up her time. "What will I do?”

‘ Fourth- and Sixth-grade teachers take this all more in stride. Onme
says that CAI does-not take the place of Math. She suggests I remind all
the other teachers of that. - e

Teachers seem a little uptight about scheduling.

Fourteen terminals working at end~of day.




January 4, 1977

o

Still waiting for computer to be completely up; 16 terminals are not
lworking-

Tomorrow man will arrive to fix-Clarissa.... (I hope!)

Working with machines is sure different because you cannot depend on
“‘them. Only 12 terminals working at the end of the day.

Several people came by to see the installation.
The CAI coordinator from School 2 came over very frustrated--her
computer is down and she wants action. Even more impatient than I-didn't )

‘think it was possible.

CAI start up--probably Fri.==1/7/77-~hope so.' _Getting anxious. So
are the children. .

v

January 5, 1977

Took 2 groups of 2nd graders just to introduce them.

They did quite well. Some trouble with finding letters of their
name and remembering to space between # and name. Very excited students
particularly when their last name appears on the screen. They said-—“He7
knows me!" “How does he know my name?” - -

Only 14 terminals working this a.m.

11:00 a.m.=~Cincinnati Millicron's “"John™ here to work on the
computer. Also Ray from Hazeltine working on line printer.

The coordinator from School 1 is very low. Morale is hard to éeep
up when your -system is down.

Having to postpone start-up time hasn't affected teachers, as yet.
Hopeful we can start up in the next few days--I'm not sure, though.

/

/
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January 7, 1977

Yesterday and today--introduged all 2nd-graders to the terminals.
All in all went very well. Students very excited to see their last name
on the screen.- Spanish-speaking §tudents‘wefe equally excited as the '
others. My very bilingual TA explained procedures to them also. They
put in their numbers and names very well.

. Start. up is definitely on Monday'for'all grades., The 4th-6th grade
students have had no introduction—-we'll see how everyone does.

Students just walk in and stare--very excited.

Two more teachers were 'in today and are interested in seeing how the
terminals work. '

January 10, 1977
We started!!
Very rushed--problems with numbers and names=—-
-_Probléms Qith < and >.

Trouble due to newness of working. Time will probably take care of
lots of the problems. : : .

~ The lessoﬁs are a full 10 and 20 minutes. That plus. the newness of
signing in caused our schedule to run late all day. As the students get
used to it, they will function more quickly.

]

Students were excited.
A few, after working &« very full 20 minutes, were very tired.

. I have still not mastered learning about the terminals. If kids
press certain buttons, terminals go off. I will continue to look into

_ all those things.

- We should have introduced students to the shift key before we
started-—especially for the greater than/lesser than symbols.

-




o saotnems

. that reorganization

=72~ .

January 11, 1977 - _
r: ’ . ’ / V
f Much better today. /
/J Almost correctly on schedule, and many people knew how to sign in
accurately. . / .
/ Still some problemé. i
Spanish speakers ggve lots of trouble signing in. Also cannot read
the Reading or Language curriculums They do much better in math curriculum,

.Staff Meeting:" blic. One second-grade teacher very upset. Feels
Kas so drastically .affected her instructional program,

she doesn't know what to do. She doesn't like students pulled out of her

class randomly. She said it takes her hours to reorgahize her program

. around the kids who/ leave for their computer lesson. )

Today, with all terminals functional, I feel more aware of how to
solve minor probléms. Students feel more successful today. They're
aware of their percentile scores. Four students received 100% today. I
am beginning a l¢02 club. Students may join if they get ten 100% scores.
Very pleased with second day. éBope the project continues to improve.

/ : - - “

" January 12, 1977
/

More noise. o ' ' . A .
/
Students very high. Second-graders still have some trouble with
name and number. Particularly, Spanish speakers. Also classes must be
on time up/to the terminal room or it really gets the schedule off.

Athfﬁth graders did much better today. Most of them much more
fluent-i? signing on and off. '

Today, only two 100%ers. One girl has topped out of the lapguage
prograq/already. Put her int9 math curriculum.

Séudents must be punctual in order'for all to go smooth.

/

/
Also have to get our routines more functional, too.-
/
/
/ Ray from Hazeltine is excellent. Calls in to see how everything is

doing: Very good maintenance.

-

/ .® . ¢
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January 13, 1977
Today was very smooth-—in every wey;-all students were punctual--
About six got 100s; kids more excited.

more fluent in signing in.

January 17, 1977
Went pretty well. Kids high.
Beginning to make a list of Spanish-speaking kids that need to
switch their reading or language treatments to math.
More 100s than ever today——about 16 or l7--mostly 6th~graders.
Some 6th-graders very frustrated and yelling at machine~-some will not
Worked more on coming in and leaving the terminal

try to be accurate.

room more quietly. ‘

Tomorrow is TV filming--should be interesting.
Visitors today. Stayed 20 minutes. One said that I run this room

° with an iron hand. Two 4th- grade teachers said it really is nice when

1/2 class leaves for CAI. ‘'They say the computer program is going very

well. ' . .

‘We fixed it, but I

jenuary 19, 1977
Yesterday same thing happened at 2:20 or so.

Today-—computer stuck again=-so lost some lessons (the 10: 00 a.m.
* group).
did call CCC. Kids excited today. My back-up was working in CAI room
Now she's trained, in case I'm not here.

today.

January 20, 1977
Need some escorting.

Teachers of 4th~6th grade complain that their kids are leaving and
Some seem distracted and have very

entering rooms quite noisily.
Most kids just buzzing along.
~There have been fewer 100s.

short attention spans.

¥
12y
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ﬁanuary 20, 1977 (continued)

z

Changed Spanish-speakers to math treatﬁents;

Also. top-outs were enrolled in math.

January 21, 1977

‘Second-graders beginning to independently put in second course very
wells At 9:45--10:00 a.m. "“Computer Errors" appeared on some terminals.
I called CCC. Had to cancel classes for the day. Luckily we run back-ups
daily. So we may. only lose today's work-—I hope. .

Computer up in afternoon.

All is OK.

' January 24, 1977

Spanish 4th-graders who had treatments switched to math are doing
much better. Frustration level down. Scores over 90%.

Also started noting down facts for teachers. Makes schedule more
hectic. But I'm enjoying getting more specific about student's needs.
,Also, I'm so glad the Spanish-speakers are less frustrated——getting 99%
and seem happier. TV outfit is still promising to arrive but has not
appeared yet. : . ‘ .

Later today is the teacher in-service for C.A.I. I'm both scared
and looking forward to it.: o

The TV people came. We'll be on the newégsngsibly between 5-6
tonite. Computer went down in the middle of videotaping!

In-service pretty good—-but computer errors just before we began.
Very frustrating.

. ‘Millicron man’ comipg tomorrow a.m. to check soft disc error. - So
awful=—I had to cancel classes——I guess the machine 8 limitations: are
really getting to me. We lost the last two groups today.




January 26, 1977 :

"Computer Down!

January 27, 1977 o

_ During in-service, some teachers felt that horizoqtél addition and
subtraction were not good for students--does it deemphasize place value?.
Wanted that.comment brought to ETS's attention.

Also felt language program didn't leave enough time with answers.
They flash the answer on the screen too quickly=--

Computer still ‘down! '

Having big conference at School 2. CCC, Hazeltine and Cincinnati
Millicron--Please fix what's going on. ’ )

January 31, 1977

Conferenced w/all teachers *

February 1, 1977

Down in a.m. Some classes in p.m.

February 2, 1977

" Down again this a.m. Very frustrating. Serviceman comes and fixes
the machine and within a few minutes it does not work again. I wish the
machine could be fixed once and for all. Computer errors keep appearing
_ and reappearing. When will it end? - ’ : i

School 2 is still down.

12& ‘_ | o.
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February 3, February 4, 1977 ' .

Up and running. Very smoothly. Started to record %'s évery day'for
all 6th-graders and some 2nd-graders. Then charting their weekly average
scores. t .

Kids are very motivated about their scores improving. I think it's
good to keep score even though its only the 100Xers. o

’

February 7, 1977‘

Down again-exgremely'frustrating.

.

February 19, 1977

Two 6th-graders have bad attitﬁdes toward C.A.I. One has math=--she
keeps asking for another course. (R-L) She gets very discouraged--left
in the middle of a lesson. Too bad! Alsc had trouble handling herself
in a regular classroom. '

Most 6th-graders are very attentive--also 4th-graders. Interested
to see how they do tomorrow. t

February 18, 1977

Note: Students in 4-6 better behaved during first session. By
second session——a little more mumbling.

Today with the new 30-second timeout replacing the 60-second timeout,

‘there was lots of math. Students very frustrated, especially 2nd-graders;

it will take them awhile to get used to having less time to do their
work. *

Second-graders- now have 7-minute sessions instead of 10. First day

today. All of them were particularly affectionate today (lots of hugs and
kisses). - I wonder if this was-related at all to shorter sessions—-we'll

see.

One 2nd-grader turns off/on line-button to off to avoid getting

. timed out. Smart=—huh? Another 4th-grader figured out Control Z. Very

strange. [Note: Control Z is a method used to stop a session before the
time is up.] Both are very hyperactive and have behavior problems.

’v':
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February 25, 1977

Rainy days--two in a row--seem to affect behavior in CAI room as
well as the rest of the school. Last 2 days kids have been more anxious
and talkative. Scores even went down,a bit. Concentration level lower.

It's so nice now that CPU and terminals are working all the time--for
2 solid weeks. -

[

R

This enab;es us to-'move into areas of helping students and teachers.

March 2, 1977

As all machines are working better, this frees me to be more motivat-
ing to the students=-developed 100% club for R & L; 85% for M, since it's
a little more difficult.  Students seem more motivated by this move,  and .
more want to come at 8:30 a.m. and put in make=-ups or demos. Also,
6th-graders want to do demos after school in lessons they don't have

regularly.

March 4, 1977

Two kids asked=-how about being able to rub out in math? [Literally
erasing the numbers.]

March 9, 1977

1
.

Parent conferences today—kids bringing their parents to the CAI ‘ t
room—very exciting because children are enthusiastic about what they are ‘
doing. A : .

"

85% math is pushing more students into getting better scores=-also
now taking attendance daily--I will do awards for perfect attendance.

So
everyone can feel comfortable receiving something. ~ Now I want to begin
to turn my thoughts toward low achievers—- '

Kids consistenti& sporinglunden~70, what to do??
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March 10, 1977
" Program is in very good shape right now.
_Rhﬁe-ups every a.m. Kids very enthusiastic.

I find time to teach--al} 3 of us spend time with contact (physical,
like patting on the back), touching. It calms the students—tthey feel
more like working. It's important to them to know people are available to
them as well as the machines. I work with some kids after school, going

o over concepts they find hard to understand.

Feel time has come when I can be more personally involved with kids
and where they're at-—academically and "affectively”~—I always thought
the job would become boring after awhile. I saw a lot of coordinators
sitting around in someiof the other CAI installations I visited, but I
doubt that I ever will Students have too many questions--there's too
much to teach them. .

One teacher is pre enting the only problem-—she feels CAI interrupts
her instructional time=—s8o she has many times forgotten to send her group
until late=—she also maintains that all special programs scheduled her
students at the worst possible time. '

March 30, 1977

After Easter. Now .twice a week for one hour I'm alone. Room takes
on a different feel=—I must be more the “custodian” of the 30 students
during this time rather than the teacher. But not too bad—-

We have had 2 days when subs relieved the teacﬁets for short pétiods
to visit the CAI room. It was good. Teachers got more motivated about
the program. The CCC in-service helped some teachers too.

I wonder how the end-of-year testing will affect us.
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THOUGHTS ON A CAI PROGRAM:
CAI COORDINATORS DEBRIEFING CONFERENCE

June 8-12, 1980
Montecito, California

Marjorie Ragosta*.
in consultation with CAI coordinators:
"Mary King
MarjorievLord
Judy Newman
Ann Vasilopoulos
Rayma Wells

Roberta Woodson

©
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f The help of Teri Mondeaux, Puff Rice and Gina Wilson must also be acknowledged.

Educational Testing Service
. Princeton, New Jersey :




*It's a crime to have
the (.‘AI lab in use

less than full time.”

The 'Coor:dinators
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PREFACE

The ETS-LAUSD CAI Project ceased operations in elementary
schools in Los Angeles on June 30, 1980. For 4 years funding from
the National Institute of Education, direction from Educational
Testing Service, and‘ the tremendous work of personnel in the Los
Angeles Unified School District combined to operate a uniquely
successful project.” During the 1980-81 school year the LAUSD and,
specifically, the 4 schools with CAI labs will try to carry on the
program without the government funding which produced and supported
the CAI labs. The loss of CAI fuuding will meah no full-time CAI
coordinators in the schools; in fact, most of the CAI coordinators
will have moved-away from the CAI schools by the 1980-8l1 school
year. With money and CAI personnel gone, schools will have to
rely on their own staffs to organize and manage the CAI program.

It is not an impossible task. In interviews in June 1980,
most teachers in CAI schools had positive feelings about bringing
their classes to the CAI labs on their own——once they had received
some in-service training on the computers and terminals. The
perceived success of the CAI program during its four years of
operation laid the foundation for the successful transition of CAI
from a federally funded project to a school program. In an effort
to help that transition and to perpetuate the knowledge and expertise
gained by CAI coordinators, this report has been written. To the
extent that it meets the needs of those of you who will function in
the CAI labs in the coming years, thanks are due to those who in
the last 4 years made CAI work: our CAI coordinators. They
were a dedicated lot. They pass their information on to you with
the hope that computer-assisted instruction will continue to help
students.

5

'
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Resource Pegple
The following people have- given their permission‘to“be'contec;ed B

for help if needed.

Phone Number

Marjorie Lord" , (213) 392-1086
(4 years at School 1) -

. oo ~ : . .
Judy Newman _ - (213) 456-3727
(4 years as substitute) )

Ann Vasilopoulos =~ .

B

(4 yee: s at School 2) ’ 474~9869

Rayma %:lls ' 450-2343
(3 ye- rs at School 3)

’..oerta Woodson ‘ 559-8121
(3 years at School 4)

Marjorie Ragosta © (609) 734-5702
- Educational Testing Service
Princeton, N.J. 08541

Computer Curriculum Corporation provides people for in-service
training as part of its contract., -

- The CCC Proctor's Manual contains information on hardware
procedures and routine problems. . e y
- i

The Teacher Manuals from CCC provide informatﬂon on the
three CAI curriculums Mathematics Strands, eadingzrand
Language Arts. g '

A
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. The CAI Curriculums
R

Full descriptions of the CAI curriculums in Mathematics
Strands, Readihg, and Laﬁguage Arts are available as teachefs'
handbooks from Computér Curriculum Corporation in Palo Alto,
California;' Each df the curriculums isbcomposed of‘several strands,
i.e., sequences of related items such as verticalladditidn, horizontal
addition, measurement, etc., in the Mathematics curriculum. The
strands struct;re allows each student té move At his own pacé
independently'iﬁ each strand of the curriculum. In the mathematics

-curricuqu problems cad be presented to studenfs‘in a mixed
d;illf-called variable strands=-or in a fixed.mode Witﬁin one
strand. In the language arts curriculam questions may be presented
to students in two Qéys: variable strands (mixed drill) or topics
(single topic drill). The variable strana appro;ch--in mathematics,
language arts, and feading-;is automatié and ?equires only one
initial enrollﬁent. Fixed strands in the mathematics curriculum -
and topics in tﬁe;language arts curriculum require simple procedures
Qhenéver a specific assignment‘is made or changéd.

Coordinators ﬁe;e asked to rank the CAI curriculums and their
alternative methods of use. 'They ranked six alternatives: the V
Mathematics curriculum as (1) variable strands, (2) fixed strands
or (3) a cémbination; the Language Arts curriculum as (4) variable
strands or (5) gbpics; and (6) the Reading curriculum. = The curricu-
lums - were rgnked from 1 (the best) to 6 (the least helpful):

Results are given in Table 1.

| 135




-g6-

Table 1

[

. .,t - * Curriculum Rankings

COORDINATOR CURRICULUM - AVERAGE
1 2 . 5 R _ RANK ,
1.5 1. 1 1 3 2 ma;hematicé‘kvariable strands) lué
4 3 2 3 2 3 mathematics (fi#ed strands) 2.8
1.5 2 3 2 1 1 ‘mathematics (fixed + “vari‘able) 1.8
5 5 5 4 5 o5 ianguage-(vafiable strands) 4.8
° 3 4 4 E 4 4 language (topics) ' 4,0
6 6 6 6 6 6 reading Y

Among coordina#ors there was general agfeement that the
ﬁathematics program was best, language was next, aﬁ? the reading
curriculum ranked last. Within the mathematics CAI curr{culum,
variable strands was preferfed,although the combihation of variable
and fixed strands received aimdst an equal r#ting, Within ﬁhe i
language curric;lum,‘topics was pféferred err strands. Specific

s

comments on each of the six methods of using CAI are presented on

R . - . 3

the next two pages. : : . ‘
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The Mathematics CAI Curriculum

° 8

Mathematics variable étrands. This is suitable for most

““students most of the time to kéep interest énd‘
atténtion»high. Iﬁurequirés no extra work on
the parf of teachers. Research has shéwn it to
be effective. .

Mathematics fixed strands. This is especialiy good for rein-

" forcement after a specific skill is taught in
class. It is helpful to students with specific
weak atgas, for SDC student;, for students in
primary level of success. Its épecific weakness
is that it requires- less concentration and tends

to be boring for continuous use.

Cpmbination: mathematics fixed and variable. Thié was u;ed

| 'very successfully at the second-grade level and
was felg fo—be appropriate for all classrooms at
all gradé levels. A good deécripcion of how the
;combinaéiod of fixed and variable strands can be
used is given 1p the CAI program for grade 1 on
page 6. |

The flexibility,of the mathematics curgiculuﬁ~allbws teachers to
decide how it might best be used to satisfy the individual needs- of
;he studenﬁs in the claqsroom.‘ There is no neceggity to choose one’
program for the whole class; the éémputer can easily be made to,
adapt to the special needs of the in&ividugl’ﬁemhers. However, it

does require some work on the part of teachers to come up with

programs best tallored to individual students.

e 14

.\Y .
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The Language Arts CAI Curriculum e

Laqguage'étrands. ‘This was ‘the language curriculum used for

tgeﬂégi study.: It is useful for most students
- in grade; 3-6, alfhough its range is m;ch more B '
zrestfi;ted fhan_iﬁ'the mathematics curriculum.

Bright fifth- or sixth-grade students may top

out of the program. Spanish-speaking‘studentsu

. (NES-LES) ma& not be able to uﬁderst#nd the

. program. Some trgnsitiqnal, limited-English~
speaking students feel little thfeat in using
the coﬁputer and cgn acquife the technique and

- vocabulary to work in this curriculum with

surprising success.

Langﬁage topics. ’Almost all;cdordinatoré ranked topics higherv
' than variable strands. It is usefui in reinforcing

skills taught in'the classroom or for students
who need arill in weak areas. It works very
well when the teacher can coordinatekit with
classroom activi;ies;"lt requirés,more time on
the pérq.of teachers to determine the specific
.topics to be used and to access them on the
computer, )
The Reading CAI Curriculum

. Reading. _Mﬁﬁément within the curriculum i4 slow and

frustrates some étudents- Others enjoy it.

It was ranked lowest by éll of the cqordinators,_

althougﬁ the réséarch seems to show that it

. . . helps to build vocabulary.

o 14;
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A CAI Program for Grade 1

. ..For pupilsuin-thénelementaryvgradess—especially grades 1 and 2--
only the mgthematics CAI curriculum is available. Therefore,
suggestions for grade 1 need very little modification to be suitable

for grades 2 and 3.

Readiness Activities

First graders need some readiness experience before starting
their CAI program. Children need an'ihtroduction to the terminal
keyboard and practice in signing on; Experience with demonstration
lessons (DEMOs) is helpful. Until children becom; familiar
with the process, itnis.useful to havela 3 x 5 card with the

information needed for each child -to sign on. This includes the

child's ID number, first name, and the letter necessdry to access

either variable math strands (M) or fixed strands (F). Teachers
1
and aides can assist small groups. Cross—age tutors, experienced

l .
withECAI, could be very helpful.

¥irst graders will alsqvheed help with the (very limited)

1 1
reading vocabulary required for the mathematics curriculum, including:
,% Number and néme, please Ones ! Pennies
t Course Tens Nickles
| Type Count by 1's Dimes
. How many A's o

Vocabulary in the first column is encountered in the early lessons.
!
Children also need to know the CAI lab standards of behavior

in ordér to get the maximum benefit from their CAI'experience.




The CAI Schedule

.. ... Depending on the.individual schodlusituation,.first-g:ade».
classes might ﬁe assigned to the CAIklab for either semester or both.
One 10-minute session daily,»coming before or after a naéﬁral.

break in the school day, was suggésted by all coo;dinators._

. In the absence of a full-time CAI codrdinator;,teachers would
bring their classes to the CAI lab, provide help to the students in
the lab, and leave the lab with .their students. Help would be -
provided whenever possible by a teaching assistant assigned to the . !
CAI lab. Additional help could be provided by the classes' own
teaching assistants in Title 1 schools..

In the schools with émall CAI labs only half of the class at a
time will be able to work at the terminals. Suggestions were made
to have two or th;ee banks of terminals and one or tw§ banks of
counter space. Independen; work requiring a minimum amount of
direction, materi#ls, or supervision w#s recommended for the group
not at terminals. One coordinator (in a‘large lab) said:

I would pull small groups of children off the -
terminals to teach to specific needs as

indicated by the CAI printout, then follow up
with fixed strands in the problem area.

A CAI Program for Grade 1 continues on the next two pages.
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Curriculum Options

Coordinators were equally divided in their choice of variable
or fixed strands for the students' initial entry into CAI. In actual

‘practice in the CAI study, the variable strands approach was used in

‘grade 1, ‘Although all of the Coordinators had been initiélly appre=-

. hensive at the thought of  first-grade pupils'starting‘variable strand
CAI within five weeks of entering school, the first graders adapted’
readily to the program. The singlé complaint was that some children
were going too fast! One K-1 teacher reborfed, “"In my 17 years of
working with K-1 étudents, this ‘is the first year we have finished the
book. I'm sﬁre it's because of the machines."” The variable strands
approach has been shown to be an effective program.

All Coordinators agreed that weekly CAI printouts be used as a guide

in éssigniqg students to fixed strands for individual progress, for extra
help in weak areas, or for reinforcement of skills taught in the ciass;oom.
Two coordinators suggested fixed strands for the first semester followed
by variable strands for the second. Others suggested fixed strands once
or twice a‘week, with variable strands carrying the major_responsibility

for the CAI program.
One Coordinator wrote:

I would prefer to have my first-grade class use the CAI lab’
just before lunch for daily 10-minute sessions of math. I
would want them assigned to Math variable strands first.
After the rapid motion of the first ten lessons I would
study the report to determine which children needed to be
placed in fixed strands and which fixed strands to assign.
Using the child's average score, it is’easy to see where,. or
if, he is in need of extra drill in a particular strand or
strands. I would be likely to have the children work
Monday, Wednesday, & Friday on variable strands and Tuesday &
Thursday on fixed strands. A report every Friday will show
whether the fixed strand needs to be changed. If the child
shows. no progress he needs special help from the teacher—-if
he has made rapid progress he is ready for a different
strand. Record-keeping for each child is important in order
to know which strands have been assigned and for how long.

| S0
(SUN
—




Motivational Hints

good scores in CAI. Later the work gets more routine; and a

little planning is helpful in keeping up motivation. The following

methods have been found useful:

« Awards. Commercial awards available in ditto masters
-were used for scores of 80% or 90% or better.
Teacher-made awards were also used, some of
which are included at the end of this report.
At least once, a student-designed award was
used.

Contests. Contests were run with classrooms competing
against one another. Points were earned
~ for each student in the class who scored at a
certain level or above. Some contest materials
are also included at the back of this report.

Line leaders. The boy and girl who got the highest'
number of correct answers were line leaders on
. the way back to the class.

. Applause. For the highest number correct--or the highest
number attempted--students were occasionally
applauded by the other students.

Manipulatives. For -.students with difficulties in
adding or subtracting, manipulatives are helpful.
One-inch blocks are recommended because they
don't get into the keys of the terminals.

Record keeping. Keeping a score sheet to monitdr one's
own progress was motivating to many students.
Stickers or stamps for high scorers helped.

w i4

CAI reports. Some students really enjo&éd pulling
their own CAI reports from the computer.
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A CAI Program for Grade 5

For students in the upper eiementary grades all three of the CAI
‘curriculums are available: mathematiCs,‘léngdége arts, and reading.
With little or no modification a program suitable for fifth-grade
AQCudents would also be suitable for students in graues 4 and 6.

Readiness Activities

Experience with demonstration programs (DEMOs) is helpful to
\ sFudents. I£~is also useful tovprepare 3 x 5 cards with the
. information needed by each student.ﬁo sign on: the ID number,
the stﬁdent's first name, and the letter(s) necessary to access
the CAI'curric;lums which have been selected.

The CAI Schedule

There was remarkable unanimity among Coordinators as to how
they would use CAI if they were fifth-grade teachers with classes of
50 children. Everyone chose to take the entire class to the CAI lab
for a twenty-minute session every day. One Coordinator suggested that
three times a week would be worthwhile if that was al; that was possible.
| Two Coordinators mentioned the desirability of arranging the
schedule so that the class went to the CAI room in ;onnection'with a ]
. natural break during the school day. 'bne felt that iF was impprtént
to avoid interrupting the long reading period in the morning. f:
. - One Coordinator said she would certainly schedule the CAl | /
work at a time when her teacher aide could go with her, so that /
;here would be three adults in the lab with the children (assuming .
that a TA were aséigned to be in the CAI room regularly). Another - /
person emphasized the importance of recruiting parent: volunteers o

and/or student tutors.

o . 145 :
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Curriculum Options . s } .
oAll of the coordinators chose to use the mathematics and
__.mmMmlanguage”CAI“curiiculuma.
Most of the coordinators ;aid they would use a combination of

variable and fixed strands, with variable Btrands serving as the'

core of either the mathematics or language curriculum. Students .

would be assigned to fixed strands in math or language topics for
some lesser amount of time, either for remedial work as needed or

for reinforcing specific lessons taught in the regular classroom.

~— One coordinator mentioned that she would use only two or three lessons

—~

on BﬁE‘langgqge topic instead of the full 10 that are available.

One coordinatd}»ihdicated anvintétest in using the reading

curriculum in combination with language, so that her students' time

would be evenly divided between math and “verbal” CAI éétivitieq,\

Several coordinators said they would have students run their e

]

own reports once a week and determine their own areas of greatest

’ -

need. Then each child could select a fixed lesson ir that area for
extra drill. One coordinator said she would allow students to
' ‘choose extra work in either the child's strongest or weakest area,

* so that students would have the opportunity of moving further ahead

in the areas in which tbey excel.

* Motivational Hints

Rewarding students for a highgpetcent correct is probably a less
effective method than rewarding for'the number of correct answers.
Most of the motivatiqnal hiﬁts listed eatliet’on page 9 are appro-
priate for students in uppet[elementaty grades.. Some examples of
teacher-made awards are included in the back of this report. Also
iqcluded is an equivalence chart which ig hélpful to students for

use in the mathematics measurement strand.
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CAI: - Job Description

The following tasks represent some of the responsibilities
borne by CAI Coordinators (and ETS) over the last four years. This ‘ -

work must ncw be shared by many individuals. Administrative

responsibility for these tasks should be established as quickly as
'gossible, since much of the work must be accomplished in the

first month of schopl.

!

" First Month. Activities before CAl Lab is Operational - . /

. Getting the CAI lab up and running, including hardwﬁre
: - ‘maintenance and software preparedness.

. Hiring TAs; getting extra help, if needed. fa
. Scheduling/developing in-servige training sessions.
. Developing the CAIl schedule; promoting the CAI progrsm.

. w°rking with teachers to develop student programs by
selecting CAI curriculums.

. Entering and enrolling students in the selected CAI
courses. !
. Preparing students for CAI start-up: readiness !
activities. !

»

Daily Operations in the CAI Lab

. Opening room, setting up equipment.
. Cleaning terminals and maintaining room ‘nvironment.
< . Monitoring CAI schedule; reporting prob. :ms.
. Assisting students at the terminals.
. Bandling equipment problems.
+ Providing motivatiounal support/aids.
. Running weekly reports. -
. Monitoring student progress on. a regular basis.
‘ ~« Enrolling students in specific fixed-strands or topics.
T » Maintaining records/files. i
: « Running a back-up; turning off terminals. /
. Closing the CAI lab. ‘ !
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Coordinatofs' Best Advice

Coordinators were asked to write down the four or five best
pleces of advice théy could give:to people working invthe CAI lab.
*ﬁprheir answers were surprisingly consistent. They have been combined

to produce the follpwing advice:-

> . Have a very organized schedule and stick to it.
Make no drastic changes. Plan your schedule carefully.
} Once the schedule is set, be firm. Remember time-on-

task is'important. (See Section on Scheduling.)

o

I
I
I
I
I
I
|
|
I
. K;ep a positive atgitude about CAI and continually
conQéyrit to stg&ents and staff in the lab. Show -
interest and encouragement. Show éon;ern.for student :
; ' progress and matgrity.” Be positive and knthusiastic. |
'Remember the job is routinef-keep‘your owﬁ enthusiasm
up.  Smile a lot. | Keep the' CAI ro‘om'cheerful and ' 1

seasonal.

.

. Egtablishoand follow through on goga; fair étahdards
of Béhavior so that no larée problems arise. Maiqcain
lab étgndards:ﬁirmly. Establish ofderly traffiz
patterns.. Try to‘ﬁonito; what students bfing in-—fbod,
candy, gum, sunflower seeds! ° Offér to save it until
laftef CAl, - Remind students, "Wé take care of the
equipment.” Keép‘pupils on task and out of trouble;

urgé tpembto work as many problems as pbss;ble.

iliff) ~ ' f
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o : ¢

)
. Have a lot of good, interesting motivational aids to keep

the program alive and thé/étudents doing well. Provide
tangible g;als for sFudénts to work toward, and reward
Fheir.progress. Give pos;tive verbal feedbéck frequently.
Develop some rewardréysgem f?r good lessons. Reward
students who get a high numbef of correct answers

rather than a high percentage»bf correct answers.

Motivate with p;ts on tﬁe chk;‘games, smAllvprizes.

(See sampleé of motiva:{onal aids at the back of this

report.)

W .
« Keep good, open communication among all participants in

Ehe CAI 1lab. Teachers, Teaching Assistants, and
Coordinators are working togethér for the good of the
students. Be cooperative. The_success §f CAI is
related to the importance teachers place on it. Train

TAs carefully. Glve teachers as much éhoice as

possible in scheduling and. course assignment.

t. Remember the hardware tasks. .Simple back~wps and
clean—ups'help prevent larger‘problemsf ‘Don't WOrry
.about the hardware tasks. Relax. The gquipment is
fairly sturdy, and theidamﬁge you can do is minimal.

It will not take long to leaTn.

-
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Potential Problems with CAI

Coordinators were asked what problems they foresaﬁ with

running a CAI lab without a full-time CAI Coordinator and how

schools

could best cope with those problems.

Maintenance of the eqﬁipmentﬁﬂ Teachers are'intimidated by

machines. nany mére.people will be responsible. The phone

iin!%bbetween School 1 and School 2 have been a problem for

two years; someone needs to be present in the School 2 CAT

-

Solution:

"lab to handle that end of computer problems for School 1.

Fantastic, dedicated TAs at Schools 1 and 2
could be trained to handle equipment problems.

. Overall, intensive in-service training for

both teachers and TAs is critical. All

teachers should be in-serviced adequately.

All TAs in the schools should receive training.
Time will help as teachers begin to feel more
comfortable. Student helpers might also be
trained for some tasks. A chart, explaining

the most common- equipment breakdowns and simple
solutions, should be placed near ,the computer
along with the phone numbers of service repairmen.

Maintenance of the CAl lab: The room environment may not

be kept up.

Bulletin boards may not be changed and visual

alds (e.g., equivalency charts) may not be provided. The

terminals may not be cleaned. Motivational aids could be

provided by each classroom teacher but, given the human

factor, these may be less than optimally successful.
[

Solution:

Delineate responsibilities. Make sure each

person knows what her/his responsibility is.

' TAs could carry most of this responsibility--

cleaning terminals, providing motivational
aids, maintaining bulletin boards——especially
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if they used student helﬁers before and/or
after school. B

«

o The optimal use of CAI: The CAI 1§b may not be used to

best advaﬁtage. Teachers may find it more convenient to
skip their class time'in.CAi. fhe CAI lab may nét function
for a full day; less thaﬁ'the full day would be a Cr;me.

In small schools with half the class working'ét Esrminals
;nd hglf doihg some otherlassignmgnt, teachers'will be
hard=put to give help where help is needed. No one Qill
feel responsible for the total program. Who will’diégnose

CAI reports and prescribe assignments?

Solution: Cooperation among faculty, students, volunteers,
and those specifically responsible for the CAI
lab will help. Delineate responsibilities.

{ TAs could be responsible for monitoring

' the CAI schedule. CAI reports and their
interpretation could be the joint responsibility
of TAs and teachers. Teach students to run
their own individual reports, diagnose their

. own needs, and even assign themselves to work
in fixed strands—if possible. Volunteers
might keep the lab open at times when regular
personnel are not available--before or
after school.

« Record keeping: Who wiil be responsible for keeping files?

i .‘ '~ How will student progress be monitored? Where will records

o

be kept? |

-

Solution: Prepare file folders for the CAI lab. Keep
copies of CAI reports in each class file.

" Reports at the end of rapid-motion are very
important to help monitor student ‘progress
during the year. Assign this responsibility
and establish the routine.
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Example of Posted Directions

Directions for Substitute in CAI lab - N

1.

2.

3.

4,

5.

6.

7.

8.

9.

10.

1'10

12,
13,
14.

15.

16.

"Return keys to box in teachers' supply room. -

Check to see that alarm light (by door) shows “OFF".

Turn on air conditioner (small, flat, two pronged key-box
oinorth wall by breaker box). -

Turd on terminals (switch on back, lower left).
Light will show in 30 seconds. Press CR key to get message:
“Number and name please.”. -

. o
Check schedule--pass out report ‘sheets for‘first class==place
on counter to left of terminal.

Pass out report sheets for next class- before first class
leaves. No assigned seats—--—alternate boys and girls.

Take roll for each class——attendance sheets are on clip board
in file box on first counter.

Primary recess duty on Thursdays and Fridays 10:30 to 10:30--.
check with TA. h :

Lunch time 12:15-1:00. Leave keys in office for TA. TA will:
wipe screens. :

-After'school TA does "Back up” on computer. If TA is absent

see Proct?r's Manual for directions. ' (Top drawer of filing
cabinet.)! ' :

Reports must be run for teachers every Friday. See manual.and
TA.

All terminals must have screens wiped with speciél cloth
wipers stored under sink.

Turn off gll terminals.

Dust keyboafds with paint brush.

~

Put chairs up on counters, close blinds, turn off'air conditioner.

Call security (625-6631) and tell them you are going to turn
on alarm { .] Use key marked S-172 to activate
alarm. You may not go back in lab again once alarm is on
unless you call Security from office first.

-
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Student Problems in CA{

¥

There are probably fewer problems with students in the CAI lab
than in most other areas in school. The work incentive is high.:

Nevertheless, some problems exist.' CAI coordinators were asked

what kinds of problems they looked for and how they solved them.

Some of those problems associated with CAI lessons were:

. a student's pressing the wrong keys

~

. caps only -~ to produce all. capital letters
. control Z — to end the lesson
<+ o+ top left-hand keys == to go off-line

. a student's inattention to CAI lesson

. » darkening the writing on thé CAI screen so that it can
no longer be seen S
. letting questions run by without answering
. pressing the space bar without making an effort to
do the work

-

. a student's frustration

« a student's interference with another's work

‘Speaking with children individually usually helps. Careful seating

arrangeménts can solve some problems. @Giving extra help to students
when it is néeded is helpful. Remindiné children it is okay to

make mistakes helps to solve some frustration p;obiems. One=-on-one
contac; with the teagher ér TA often helps. When one child causes
another to miés a problem by typing ;n the keyboard, subtracting
points from the offender's score may he;p. More serious pfobiems

may be handled by a phone call.or note‘to the pgrents, or by having a

child come to the CAI lab with a different class.

poo

» .
)
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Scheduling CAI

Coordinators were asked a series of general questions about
how they would sc@gdule CAI in an imaginary school: Burstihg
Place. On the next four pages are listed those questions and the

coordinators' responses.

Assume you are principal of Bursting Place School: Hours 9-3

Bursting Place Elementary 840 students 32 CAI Terminals . ‘
School, and answer the
) following questions: Grade .Classes Class Names
How would you assign CAI? K 6 1, 2, 3, 4, 5, 6
. o 1 5 A, B, C, D, E,
Which classes or grade levels? 2 4 F, G, H, I,
. 3 4 J, K, L, M,
) "How long a lab session? 4 4 N, 0, P, Q,
' ' 5 3 R; §, T,
How many times a week? 6 3 u, Vv, W,
. SDC 3 7, 8, 9

Which CAI curricufumg?

Independently, every coordinator found a way to giQe CAI to every

. ! :
student at .Bursting Place School! Coordinators were so convinced
CAI is a worthwhile activity that they could not beaf to omit any
pupils. Most coordinators planned the schedule .to givé half the
classes CAI in the first semester and‘the rest of the classes CAI
in the,gecond semestef. In general, all coordinators felt there
should be one 10-minute session in mathematics for pupils in grades
1-3 and two 10-minute sessions in mathematics, language, and possibly
reading for pupils in grades 4-6. They based their ;ationaie for one

or two sessions on attention span. Many coordinators felt that

students should go to the lab on a daily basis so there is a

4

"

lm’" y
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-

regular routine for CAI drill and practice. An alternate schedule

-

would plan for pupils to go to the CAI lab two or three times a week.

* The coordinator who planned the schedule below said:
The reason for emphasis on Grades 4, 5, and 6 (they
receive CAI both semesters) is that the computer mainly
helps individualize drill and practice. By grade 4, the
/ range of levels in all academic areas is great and the
classroom teacher needs more help to individualize the
student's academic program.

Semester l: Grades 1, 2;'4, 5, 6, + 2 SDC Classes.
Mon Tue Wed Thur Fri

9:10 - 9:20 Class A B
9:25 - 9:35 C D
9:40 - 9:50 E F
Recess Break

10:20 - 10:30 G
10:35 10:45 1
11:00 11:20 )

N

P

oo

B
D
F

o eN 2

<
<

11:20 11:40
11:45 12:05
Lunch Break
1:00 - 1:20 R
1:25 = 1:45 T
\
S

]
LO O
2N HO
LO O
WZNHO

=R
<H
awm
<

1:50 - 2:10
2:15 = 2:35 MAKE-UP

* Semester 2: Grades K, 3,4, 5, 6, + 1 SDL Class

Men Tue Wed' Thur Fri

9:10 -  9:20 Class 2
9:25 - 9
" 9:40 - 9:50
Recess Break
10:20 - 10:30 J K J K J
10:35 = 10:45 L M L M L
10:55 - 11:15 8 8 8 8 8
11:20 - 11:40 0 N 0 N 0
11:45 - 12:05 Q P Q P Q
. Lunch Break '
1:00- -1:20 S R S R S
1:25 = 1:45 U T U T U
1:50 - 2:10 : W \ W \ W

2:15 -  2:35 MAKE-UPS

W
w
v -
o
wvw -
N
wvw -
SR R R R B = BB OB
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Several of the teachers who were selected to participate in the CAI
program do not wish their classes to go to the CAI-lab. How would
you handle this situation? = !

f

The responses, when tabulated, indicated two solutions had
'eQual we}ght with coordinators and could be used in conjunction
with one another. One response‘stréssed the importance of positive
administrative attitude and support f°£12££ teachers.to use the
éomputer. The second response was to involve the teacher by
demonstrating the positive uses of the CAI program for record
keeping, meeting individual needs, and using reports for aiding
studenté; Administrative policy combined witb'friendly persuasion
could be used to encourage cooperation. There was no suggestion
that the teacher or her/his class be excused from CAI.

Bursting Place School tends to track its students. Classes may

be slow, average, or accelerated. Should any changes in the
schedule be made in light of this information?

All coordinators agreed that all students—-iqcluding acceler:
ated!and slow students==should be given CAI,lwith the emphasis on
the math curriculum. The. faster students could be given variable
math and possibly language or reading, while the slower étudents
c;uld be given math, fixed or variable’ and perhaps no language or
reading curriculum. Several coordinators made mention of the
accelerated learning and challenge that math presents to the higher
achievers. -However, if time and space were very limited, soﬁeq
coordinators felt that priority could be given to the slower

*

students.
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Bursting Place School has been identified as a low-scoring school
in state-wide assessment. The school has developed a long-range
plan for upgrading student achievement. How could CAI best be used®
as part of this 3-year plan? ' ’

Most coordinators did not change their earlier schedu%es 06
the basis of this new information. One.coordinator &id; She felt
that by working with students in grades 1=-4 the first year, 145 the
second year, and 1-6 the third year, optimal results in test scores
would be obtained in year 3? Her plan was to use variable!étrands
of math (and language where it was appropriate) to identif& weak

~areas for individual students. ‘Fixed strands for mathem;tics (and
topics for language) could be used once or twice a weekffor extra
drill in weak areas. Cross—age tutors could also be p;ovided as a
program involving mentally-gifted minors at higher gféde levels.
Before=-school énd after-school programs on the computer could

be run by parent voluq;eers. Such a long-range plhn for the CAI
lab should help to improve student achievement (and test scores) by
the en& of three years.,

If a proposed new school were built, it would draw students away

from Bursting Place School. It would be left with about 450
students. What CAI changes would you make? .

Coordinators almost unanimously agrqéd that al; pupils in
gfades 1-3 should go to the CAI‘laﬁ‘fo;,IO minutes daily throughout
the school year for the mathematics CAi curriculum; and all students
in grades 4-6 shouldlgo daily, for 20 minutes, for‘mathematics CAl .
and any other curriculums the ‘teachers may recommend as needed by
the indiyidual. This situation was perceived as ideal--when all

‘students could have CAI on a routine basis all year.

1<);)
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Chapter 1

P

THE CAI ‘CURRICULUMS

6bvicus that there were mo reading or language curriculums, immediately
B \ - . " : . ' ) .
- © . available, which could be offered to students across grade levels 1-6.

Computer Curriculum Corporation (CCC) could provide Reading, Grades 3-6

. and Language Arts, 6rades 3-6, but lack of audio signals on their systems

' i In searching for CAI curriculums for use in this study, it became
' precluded offering a curriculum for beginning readers. ‘CCC could also

.

provide Mathematics Strands, Grades 1-6 in the same software package as thelr

reading aud languagefprograms. The decision was made to use these off—the-
;heIf curriculumu for several reasons:
(1) They were CAI curriculums which were immediately available,
having had fairly wide usage in systems located across the
United States. : : . .
(2) The CCC curriculums--especially the Mathematics Strands——had a body
of eualuation studies which, although they had shortcomings,
. appeared tc indicate success in raising test scores.
(3) CcCC was thc only vendor which could offer all three curriculums
in one soquére package, at ‘a price the study could afford.
Having one software package assured the study of a minimum
amount of time to get the CAI operation; running.

The CCC curriculums are drill and practice curriculums which are not

intended to teach students but to reinforce the skills they have already

been taught in the c&aasroom.

A brief description of each of the curriculums follows:




Mathematics Strands, Grades 1-6

-
°

Mathematics Strands, Grades 1-6 is one ofithe most highly individual=
1zed CAI (computer-assisted instructional) programs ever developed. A
student participating in the Mathematics~Strands program receives lessons
Q

that are prepared for him on the basis of his own achievement and educa- .

tional needs. His lessons are not stored‘in the computer's memory but

- are generated by the computer as he works at a_ terminal. Because the

computer immediately checks the student S8 response to each item, it can
adjust the lesson's difficulty level while the lesson is in progress.

Furthermore, it.can make this adJustment in each concept area on which

.the, student is working. Such individualizing capability represents a

:significant step forward in the development of curriculum material that

2]
<

meets the‘goalb of‘individualized,instruction.

All the topics in elementary~§chool mathematics,.with the exception
ot'éeometry.and work problems,;are included in thé Mathematics Strands .
program.‘ Its stress on basic computational skills makes it compatible L
with a wide range of textbook series. Because it does provide individual-

o

ization, the program is appropriate for both remedial and accelerated °

L3

classes..
* . The i‘athematics Strands program achieves its goal of individualized
instruction by using a strands structure. There are fourteen strands,

cne for each concept area included in the program. The strands are:

LY

Number Concepts

Strand 1
Strand 2 - Horizontal Addition
Strand 3 .. o Horizontal Subtraction
' Strand 4 - - : Vertical 4ddition
Strand 5 .. Vertical Subtraction =y
Strand 6 " Equations
* ' Strand 7 " - . Measurement

®
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Strand 8 . Horizontal Multiplication
‘Strand 9 - ‘Laws of Arithmetic
Strand 10 . « ' Vertical Multiplication
Strand 11 Division
Strand 12 - = Fractions
- : - Strand 13 - _ Decimals o
. Strand 14 Negative Numbers

During every session, the student receives a mixture of items from

all the strands that have exercises at hié grade level; The student's

S

work in each of the fourteen strands is individualized to meet 'his

educational needs. In addition, - the computer adjué:s the proportion of
exercises from each strand to match the proportion of exercises covering

that concept in an average textbook.

Reading, Grades 3-6

>
Reading, Grades 3-6 offers a supplemental reading program with two

important features: a high degree of individualization, and a means of
diagnosing class and individual reading weaknesses. Both these features
make the pr&gram a usefui tool in building toward the goal of individual=
ized instruction. Ve
The program consists of practice items designed to sharpen the
¢
student's reading skills in five areas: word analysis, vocaBulary .A .

extension, comprehension of sentence structure, interpretation of written

material, and d;velopment of study skills. It contains eﬁough material

for four years of work at grade levels 3, 4, 5, and 6, as well as supple~

" of the material he rece Qes is tailored to his own achievement lebel and

?

mentary remedial material that extends to- grade leﬁel 2.5, .

< o

Each student moves!through the prog:aﬁ at his own pace. The difficulty

LN

1s not affected by the’performance of other students in the class. 'Ifga.
(




student needs remedial work, the program moves him to a lower grade

=

level. 1If a student needs to advance to morg'challenging material, the

program mqvés him fp;ward rapidly. The students in a given class may
spread in grade placement over eQery grade year the program covers.
The program uses a strands structure to individualize each student's

lessons. Each of the five skill areas the program includes is represented

by a .strand, or graduéted sequence of related items. The strands are:

Strand A Word Attack

Strand B J Vocabulary
Literal Comprehension

J/ Strand C
i Strand D Interpretive Comprehension
Strand E - Work-Study Skills

-

If the student is doing very well in one area, he mers forwa?d

§ rapidlykin thg strand which contains items from that- area. ,if he-is
% performing poofly in;éne area, he is moved back ihgthat strand until. he . o,
/ reaches a level that isksuited to his abilities. At this point he can
/ begin to move forward again. His rate of movement in each strand is not

affected by his position or r;te of movement'in the other strands.
/ . "~_ The program was desigﬁed with low :eading_levels in mind; It bégins
/ with very simple vocabuiary_and adds words from carefully sele;ted

vocabulary lists. The lists concentrate on words that children encounter

/. in reading.materialsoand daily life situations.

A special séction At the lowest levels of the program coﬁtains basic
two— to five-word sentences. It is included as rem?dial work for those
students in any school grade who may need it. The material in this .

section is not differentiated into strands.

A3

~1 (_-,) ! /
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Reading for Comprehension °

The Reading for Comprehension curriculum is a newer version of

tﬁe reading curriculum which has already been deséribed. The section on

-

basic sentenceé'has been removed and a mnew paragréph strand‘added. Each
grade level of Reading for_Combrehension cqntains‘lOO paragraphs with
associated questions.

Reading for Comprehension consists of the following 6 strands:

t

A. Word Attack “~ analyzing words as units
B. Vocabulary =— building a feéding vocabulary:

C. Literal Comprehension =— understanding the
literal meaning of sentences

D. Interpretive Comprehension =~ learning to read .
between the lines; developing critical reading
skills .

E. Word-Study Skills == learning to alphabetize
and to use resources effectively .

P. Paragraphs == integrating skills to read an entire
 paragraph and answer related questions.

Language Arts, Grades 3-6.

Language Arts, Grades 3-6 a;t#cks today's most common language usage
probleﬁs. It covers grades three through six with enough material for a
year's work at each grade léVel. In addition, it qffers supplementary
material designed for students wifh special lang;;;e‘problems: hearing-
impéired students and studehts for whom English is aésecond language. |

Language Arts, Grades 3-6 supplements almost any language arts
Fextbbok or teaching meEhod. It stresses usage instead of grammar ané

"uses very few grammatical terms. Students using the program learn by
p i

_example, pattern, and practice.

. o 1 L
. AL
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The program has two sections, stfands and topics. In the first year
of this study, only the strands section was‘used. The strands section
suppligs'indiv;d;hlized drill and practice tailored to each sfudent's
achievement leQél. In the topics;sedtion, students receive lessons on a
topic assigned by .their Eeacher.

Therstrands section consists of eight strands, or strings of items.
'Each strand covers grades three through six. The program keeps records
of each stﬁde;t's performance in every strand and uses this informéiioﬁ_

to adjust the student's level in each strand. The strands are:

Strand A Principal Parts
Strand B Verb Usage
Strand C Subject-Verb Agreement
. Strand D Pronoun Usage . »
Strand E Contractions, Possessives, and Negatives
. Strand F Modifiers
Strand G Sentence Structure

The Curriculums in the Study

The- Mathematics CAI curriculum was used at all grade levels of
elementary school. Kindergarten students were not a part of the study
. but did use the CAI lab in one school on a regular basis. First graders
quickly learne& to use the eqhipment and were challenged by the Mathematics
curricﬁlum.{ Only two. students in the 4 years éf the studyvtopped out of
mathematicsAsgrands curriculum: both were girls and both had receiyed one or
two sessions of mathematiag daily across 4 grade levels.

The Language curriculum was used in gfades 3-6. A few third graders

were non-readers or Spanish-speaking and' could not understand or benefit
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from the Language curriculum. Many sixth graders topped out of the

oY
Language curriculum.

The Readingiéhrricﬁlum was used in grades 4-6. It was even harder
for non-readers or Hispanic children to access even at grade 4, but fewer
sixth graders topped out of reading than out of language. The newer

Reading for Comprehension curriculum was used only in grade 4 in the

final yéar of the study. It also proved difficult for students of low

reading ability. .. .

Summary

Iﬂ‘this chapter we have briefly described the 4 CAI curriculums
used in this study. For further information and descriptions of the CAI
curriculﬁms, the Computer Curriculum Corporation of Palo Alto, California,

may be contacted.




Chapter II ' B /

" TIME ON THE COMPUTER - /

o

In this chapter we will examine the amount of exp%sdfe to CAI
experienced by students in the study; we will examine the question of

whether students assigned to high or low levels of a curriculum actually

a

received high or low levels of4CAI experience in .that curriculum; and we
~will examine whether the amount of CAI time differed with stud%nt
characteristics such as sex or.et%nicity. )

We have selected specific data bases for analysis. The gJade 4,
year 4 data was selected because it contained the largest data jbase for

any single year and grade level. The three longitudinal data Hases were
also selected because of their iﬁportance to the study. '

P
e

Total Time on the Computer / . ' o f

Each year except for the first year of the study, student% started
/

, |
- work ir. the CAI lab about the m}ddle of October and ended about the

middle ¢f June. During that period ofatime-;Barriqg exceptions-=-students

assigned to one session of Céi daily received 50 minutes of CAl each week,

while students assigned two/sessions received 100 minutes weekly. There

N a

" were exceptions, however. / There were hoiidays, early closings, |assemblies,
, _ 1

school trips, fire drillé, and compuyter breakdowné as well as séudent

absences. Two questions concern us. How much variability exists among

/
students assigned a specific amount of CAI? How much CAI did the average

student receive?

’ : : '
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Grade 4, Year 4. ‘Studenté in grade 4 in the final year of the study

were assigned one 10-minute session of CAI daily in 1 of 4 CAI curriculums:

'mathematics,”reading, language, or reading for comprehension. The boxplot

shown in Figure 1 indicates that students in each of the four curriculﬁms
received about 900 minﬁtes (or790 sessions) of CAi during the school year.
Fifty percent‘of the students in each curriculum——those between the lowest
quartile and the upper quartile=-received between 80 and 100 sessions'of CAI
during the year. Some studénts received less than 500 minutes of CAI while
others received up to 1300 minutes. Despite the wide range of individual
differences in exposure to CAI, the differences across treatments are 8o

minimal as to be practically nonexistent.
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Grades 1-3. In'this longitudinal CAI cohort, students were randomly

assigned by classrooms to mathematics CAI during grades 1 and 2. In grade 3,

students were randomly assigned within classrooms to mathematics or language

CAI. Over the threé years, some students received CAI for only one year while
others received CAI for two or three years or not at all. Our concern with

this cohort is whether, in fact, students received two or three times the
one-year‘freétment levels if they were assigned to CAI for two or three years.
In Figure 2, we see that students who received two or three years of matﬁematics

CAI did, in fact, get slightly more than two or three times the amount of

CAI--on’the average=~—as the one-yeér group. One~year students averaged 93
sessions; two-year students averaged 197 sessions; and three—year students

averaged 288 sessions.
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. Grades 3-5. Stu&ents in this longitudinal CAI cohort were exposed °
to one of two treatment conditions. Students who were randomly assigned to
two sessions of mathematics CAI (MM) in grade 3 continued with that treatment
through grade 5. Other students, who had been randomly assigned to one
session of mathematics and one session of language arts in grade 2 (ML),
received one session of reading and one of language (RL) in both fourth and

. g fifth grade. Our concern with this CAI ;ohort is whethér the MM gfbup

and the ML/RL group received equal amounts of time on the computer over
the three yeafs. Figure 3 shows almost identical amounts of time for the two

groups: each group received on the average slightly more than 500 lO-minute

sessions on the computer.
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Grades 4-6.. Students in this longitudinal CAI cohort received stwo
IO-minute sessions of CAI daily for three years. They were randomly assigned
to matheﬁatics'(MM), readlng and language (RL), or mathematic; and alternating
sessions of reading ;nd language (MRL). Figure 4 indicates the relative‘
amounts of time on the computer for eath of the three treatment conditions.

Although the RL group received less CAL time, only 25 or 30 sessions (12-15

days) of CAI separate the RL group from the others. We will take a closer

look at this CAI cohort to determine whether differencés in the levels of

treatment threaten the research design.
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Levels of CAI Treatment

The researcﬁ design provlded for a; MRL group in the grades 4—6 CAI
lcohoft because the MRL grd;p represented an intermediate trea;ﬁent copdition
between the MM group and the RL group. With regard ﬁérmathematiﬁs; for
instance? the 'RL group received zero sessions, the MRL group received one’
session daily, and the MM g;oup received two sessions daily. It was important.
to the research degign that fhe MRL group receive about half the .CAI time in
the.curriculums as other groups. In Figure 5 we.seeKthat those conditions .
were met. In mathematics the MM group took an average of 493 sessions while
the MRL group took 248. The RL group took 239 sessions of reading while the )
MRL group took 119. In language CAI, the RL group took 222 sessions while ;ﬁe

MRL group took 118.

“ The language curriculum was easier to complete than the other

CAI curriculums in this study. More students ;opped out of language ané
were unable to accumulate additional time in that curriculum. That fact
could helﬁ_to éxplain the slightly depresséd score for the RL group in
language. If the RL group had had 235 or 240 sessions, the groups would
have been ho;e nearly equivalént;/ prevér; students who topped out of
language were, in fact, enrolled in language topics=-a variation of the
, . , . v

CAI language curriculum. Records were not kept of how much time was , “
spent 16 tonics, but that treatment was used to maintain the conditions
of the researchadesign. ’

éince the conditions of the research design were met and students
assigned to different levelsvof CAI.trea;ment acnuaily obtained those

e

~different levels, the results of the effectiveness studies have not been
; : g

cr

compromised. We now turn our attention to whether the amount of CAI time
H

differed with the sex or ethnicity of CAI students.

',15"7;)
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CAIL Time by Sex

. 1
r

"Time breakdown by treatment and sex for students in grade 4, year

-

4, shows that, at most, only five sessions separates the means of males and

vfemales in any of the four curriculum assignments. The greatest difference

occurs for the language curriculum, and topping out may have affected

those means slightly. Wﬁen boxplots were run on the time breakdown for

longitudinal CAI cohorts no discernible sex pattern emerged. ,

a
@ P

CAL Time by Ethnicity
- Time on the computer by treatment and ethnicity for mathematics,

reading and language CAI students in grade 4; year %, is presented in

AN

Figure 6. A disturbing pattern emerges showing lesser amounts of CAIL

time for Black students than for Hispanics or others. That pattern

v

frequentlj repeats itself for students in the longitudinal CAI cohorts.

In grades Q—6 the Hispanic students received less time in the MM and MRL S

s

conditions than did Black students.bdt, in general, Blacks obtained the “.
lowest times, Hispénicé the median amounts of time, and other students

the most time. Since ethnicity and schools were confounded to a large

. 1

extent in this study, further analyses were done plotting treatment by

school. ScWbol 3, which was predominantly Black, had the lowest CAL
% ’

time; School 4, wh#‘ had the largesf Hispanic population, was next; and
» . [ 2

L} .
School 2, whose population was to a large extent White, had the highest

[
CAL times. *-

Since the research design called for random assignment of students
h ;
. * \ ; v
‘to curriculums within schools, ethnicity should be randomly distributed
across treatment conditions. Nevertheless, both sex and ethnicity

variables have been used as covariates in all regression analyses to be

v

reported in this study.
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Summary ‘
In this chapter wé have examined the amount of exposure to CAI v

3

experienced by stuzfﬁ@s n the study. Althou there was great variability

in ;be.total amounts of CAI time for individual students, the overall

/ ’ '
/

differences across treatment groups were minimal. Where students were.

different levels of exposire. Alth%ugh no consistentJdiffer nces in CAI ¢

/ l
time were found between males and-females, differences we ,
. . : «I / B
| ; ;

minority students and others. -Lower CAI times for plack students ‘were
N :

relatgd to lower CAI times in one predominantly BLéck school. fﬁ




Chapter III

CURRICULUM PLACEMENT

The CAI curriculums hdve been described as adzpting to the ability ///

levels of various students. In this chapter we will take a closer look

at those claims. We will examine the rapid motion which is in effect //
dufing the first ld sessions of a CAI curriculuq; we will take a close”

1obk at the initial curriculum placement for stuéents in grade 4, Year 4;
and we will take an a;bitrary entry level for the mathematics curriculum

and see what kinds of students at what grade levels are represented by

that startiag pdint.

Rapid Motion

_ The CAI curriculums used in this study can adjust each s;udent'é
grade level up or down in half;year steps. This rapid adjustment of
grade level is called initial placement motion. It comes into effect
Shly during the first 10 sessions andg, onlyAif a student performs very
poorly or very well at.the entering grade levél. -

 Students who answer 50% or fewer of the items correctly during any
of the first ten sessions move back a half year: for examplfj from an
entering grade level of 4.0 to a new grade level of 3.5. Students who
answer 95% or more of the items correctly mer forward a half year: for
example, from grade level 4. to érade level 4.5.

The’initial placement motion is one of the individualizing elements
of the program. 7It ensures that students work at the level appropriate
to their ability.

To illustrate rapid motion we asked Jezebel--a fifth-grade sﬁudent,»

one of the only two students who topped out of the mathematics CAI curriculum--

to try to top out of mathematics within 10 sessions starting from three

Y
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Table 3-1

The Rapid Motion Progress of Jezebel from Three
Entry-Level Placements.

SESSIONS
‘ Start 1 2 3 4 5 6 7 8 9 10
#801 :
PROGRESS: TIME 0 :10 :20 :30 :40 :50 1.00 1:10 1:20 1:30 1:40
# ATTEMPTED . 65 49 52 48 46 46 63 49 60 49
# RIGHT : 64 43 45 43 40 36 59 40 50 47
% RIGHT 98 88 87 90 87 78 94 82 83 96
AND < ,
PLACEMENT X 6./ 6.5 6.6 6e7 6.8 7.0
'RANGE: FROM /r 6.5 6.5 6.5 6.5 6.6
6.6 6.8 7.0 7.2 7.4

by
#SOé// Méf
RESS: TI 120 130 140

40 50 1:00 1:10 1:20 1:30 1:40
#/ATTEMPTED 57 57 47 0 59 54 53 57 62 46
f RIGHT 66 56 51 41 0 54 53 49 50 59 39
% RIGHT , 97 95 89 -8 0 92 98 92 88 95 85
AND
PLACEME 5.0 6.0 6.0 6.6 6.6 7.2
\ RANGE : 6.0 6.0 6.6 6.5 7.2
6.0 602 6.6 6.8 7.2
#803 ,
PROGRESS: TIME 0 :210 :20 :30 :40 :50 1:00 1:10 1:20 1:30 1:40
#/ ATTEMPTED _ 107 114 109 109 100 82 71 67 69 57
# RIGHT - 99 107 102 100 92 77 63 64 62- 52
% RIGHT 93 94 94 92 92 94 89 96 90 91
AND '
PLACEMENT X 4.0 4ol 4e2 bob 5.0 5.0
RANGE: FROM . 4.0 4.0 4ol 5.0 5.0
TO ‘ 4.3 4.5 4.9 5.0 5.4
Q . l Q -
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different entry levels. Table 3-1 indicates Jezebel's progress and
placement on her three attempts. As student #801 she entered the curricu-
lum at level 6.0 and after session #10 she had a mean curriculum placement
of 7.0, with strand placement ranging from 6.6 to 7.4. Only twice did

éhe get more.than 95% of 'her questions correct while she averaged 53
attempts each session.

On her second try——beginning from a curriculum-placément of 5.0-= /
Jezebel did better. On four occasions in her first 10 sessions she got 95 //
per;ent or more of the questions correct and her final placement (at the
end of 11 sessions) wgé 7.2. An interesting phenomenon is illustrated in
Jezebel's second attempt; After she had worked for 26:ﬁinu;és on day 2
as student #802, she signed on for a third session of mathematics. She
imm;diately realized she should only have done two sessions, and she stopped /
her lesson before she had answered a question. The computer counted it | v i
as session.#S and scored her zero. Despite that, Jezebel made a jump of ; ‘\
2.2 curriculum levels in her first hour and fortytminuteg. When the nine \
meaningful sessions were averaged, Jezeﬁel had éttempted a mean of 53 | )
questions per session--the same number of attempts as in her first round
of sessions. ) . ’ f

‘As student #803 Jezebel attempted to top out in ip sessions startihg
from level 4.0 of the mathematics CAI curriculum. 0nl§ once in this set
of records did she regch 95% or better. The mean numbér of questions

attempted on this try reached more than 88. Her final placement was a

discouraging 5.0.

149y
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One can see from Jezebel's reports that rapid motion does work.
If high percentages of correct scores are obtained, the movement is
rapid. It is unfortunate, perhaps, that the first 10 sessions of a CAl
curriculum come at a time when students find it easy to make errdrs
because of unfamiliarity with the system. Errors are easy to make even

for an expert with the system like Jezebel.

Fall CAI Placement: Grade &

Students entering grade 4 in Year 4 had never been exposed to
computer-assisted instruction although many of them had taken the curriculum=
specific tests (CSTs) developed from the CAI curriculums. Figure 7
gives a good indication of the variability of entry-ievel placement after

rapid motion.

Differences among curriculums. Of the three CAI curriculums in

general use in the study—mathematics, reading and lanaguage ==-conventional
wisdom was that language was the easiest and mathematics was most difficult.
There were sevéral kinds of observations to this effect. During the

first year of the study, sixth-grade students topped out of language more
frequently than out of reading. Fourth—grade students had less difficulty
with language. The 100% Club more frequently acquired members from

groups assigned to reading and language than to mathematics. Figure 7

may be giving another bit of evidence for the conventionallwisdom. Since

students were randomly assigned to curriculums, one would expect the mean

entry levels of equally difficult curriculums to be approximately equal.
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Entry levels range from a low mean 'of 3.8 in mathematics, through meaps
of 4.3 and 4.5 in the two reading curriculums, to a high me€an of 5.1 in
the language curriculum.

Differences among students. The wide range of ability levels of

students in grade 4 in the CAI schools is apparent from the wide range of
entry levels in each of the four CAI curriculums seen in Figure 7. 1In
mathematics, students begén,th;;r drill-and-practice program as low as
level 1.5 or as high as 6.3. Minimums in reading, language and comprehen=
sion were 2.5, 3.2; and 3.2, respectively, while maximums were 6.8, 7.0,
and 7.0. The low of 2.5 in"reading and the highs of 7.0 in language and
comprehension represeﬁt end points in those curriculums. Even at grade 4
some students could barely access the reading curriculum. Non-readers
and non-English speaking children had difficulty with the language
curriculum as-weli as the reading and comprehension curriculums. Other
grade 4 sgudents reached the upper limit of these curriculums and

topped out within the first 10 sessions. The fact that some stﬁdents

had difficulty accessing the curriculums while other students topped out
is a severe limitation of the reading and language CAI curriculums.
Although they appear to span several érade levels, they were not broad
enough to accommodate the range of ;kills of students in grade 4 in our
CAI schools. The mathematics curriculum, on the other hand, could
accommodate students from kindergarten to grade 6 with no difficulty.

The only two students to top out of,the mathematics curriculum ﬁad had 20
minutes of mathematics CAI daily for almost four years and were both

extremely bright girls.

- n
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CAI ' Placement: The Curriculums

bAnother way to look at the adaptability of the curriculums to the
ability levels of students is to take a specific range of curriculum
levels and determine how'many students at each gréde.level have used that
entry level.’ Table 3-2 presents that data fof the students in the CAI
study. The variation in ability levels of students is demonstraﬁed by
the capability of the CAI curriculums to range widéiy'across entry levels
even within a specific grade level. Students in the mathematics CAI
curriculum, for example, ranged from a low entry level of 1.5~1.9 through
the middle ranges to a high entry level of 6.5-6.9.

The breadth of the mathematics CAI curriculum is also demonstrated
by Table 3-2. Students entered the curriculum at all grades and had
plenty of room to grow. The reading and language programs are more
restricted, serving fewer grades at the lower end of thé curriCulua and
providing less extensive coverage at the upper end.. Perhaps one of the
reasons for the difficulty in assessing the effectiveness of thes reading
and language curriculums is the fact that the range of ability levelg

among students was greater than the capacity of the current CAI curriculums

in reading and language.




Table 3-2

Numbers of Students by Actual Grade Levels, Entering
Each of 3 CAI Curriculums at Varying Entry Levels

<

RANGES OF ENTRY LEVEL PLACEMENT

HATHEMATI%S
GRADE LEVELS

N B WN -

1.0- 1.5=- 2.0~ 2.5- 3.0- 3.5- 4.0- 4.5- 5.0- 5.5- 6.0~ 6.5- 7.0- 7.5~
1.4 1.9 2.4° 2.9 3.4 3. 4.4 4.9 5.4 5.9 6.4 6.9 7.4 7.9
62 53 1 ° -

17 112 133 18 1 2

14 68 228 57 23 9 1

K 33 104 78 48 27 K

- 14 30 40 64 61 30 12 5 2 1
1 12 12 11 14 13 11 14 4 4 1

READING
. GRADE LEVELS

NN -

LANGUAGE
GRADE LEVELS

RN SWN -

~

(NO STUDENTS WERE ASSIGNED READING BEFORE GRADE 4)

77 - 59 55 25 21 19 7

2 1
: 20 16 38 37 38 23 14 3 1 '
h 11 11 15 21 26 26 6 4 7

(NO STUDENTS WERE ASSIGNED LANGUAGE BEFORE GRADE 3)
134 23 13 5 K
143 45 20 10 9 1
“ 53 25 32 19 23 7 6 2
10, 24 22 9 26 11 10 4

Doy
- -




Summari

" In this chapter we have looked at‘the capability of the CAI curriculums
to adapt to’the ability of students. We have examined the rapid-motion
phase of the cdrriculums in effect during the first 10 sessions. We have
taken a close look at the placement of fourth graders and a broad look at
the placement of all CAI students in the study. We turn our attentioq

now to the progress made by students in the CAI curriculums.
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o ' Chapter IV

PROGRESS IN, CAI CURRICULUMS
. \

Coordinators in the CAI labs reported on their perceptions of

progress in the CAI curriculums. As %ackgrouud information theéir percep=-

tions may be of interest. . Coordinatoré strongiy approved the mathematics

curriculum and felt that student progreés in that curriculum waé appropriate

<

and mbtivatinglto students. The languagé curriculum was also motivating

and student progress in language arts was relatively fast.” Student

progress in the reading curriculum, however, was slow and methodical. A

Afew'highly motivated gtudents complained at the lack of movement, and

coordiﬁators forwarded those complaints to project personnel. °
~ Most students in grédes 4-6 were very interested in their own daily

success rate and in their weékly progress in CAI. In a drill-and-practice

curriculum which varies little over time, a student's progress in that

curriculum is a strong motivational tool.
In this chapter we will take a close look at student progress in the

CAI curriculums; we will‘discuss rate of progress b&‘grade and entry
) i

level for-all CAI students/in the study; and we will discuss differences

among the curriculums. in the ligbg of student progress.

e

Student Progress

Fi%ures 8 and 9 are graphs of student CAI placemenf against
CAI time and give a visual indication of progress in mathematics, reading

and language.

-27
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The mathematics curricglum. Figure 8 contains six plots of the
mathématics curriculum, one plot at eéch of the six grade levels. ‘The
o N

’ plots for grades 2, 3,»4 and 5 are especially interesting bgcausé they
show>two-levels of assigned CAI treatments in m;themaﬁics. In grade 2,
'year 1, students within classrooms were assigned either 7 (M) or 14 (MM)
minutes 6f mathematiéé CAI daily. The graph shows the students progressing
at abaut thg same rate with the MM group getting a littlf further along
in the curricglum. In gfade 3 the groups were'reversed,.with most MM
students assigned‘to mathematics and language (ML),rathér than :@5
éessions of mathematics. Rates of progress for the two groups are
‘similar but the MM group wént further into the curriculum;; Rather
similar results are aﬁbarent in. grades 4.and 5. Students assigned to

double sesgions of matﬁematics (MM) in grade 4,rxear 1, prégressed

further in the curriculum than students assigned to mathematics with

‘alternating sessions of reading and language (MRL). When students

maintained their CAI treatments in grade 5, the rate of progress for the

MM group appears to be widening the differences in cdrricﬁlum placement.

13
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The reading and language ;ufriculums. %Ip Figure 9 in the ;ea;ing
curriculum wé see a different pattern. In grades 4 and 5, students
_assigned to CAI reading and ‘language curriéulums (RL) appear to be
progressing at equal rates on ﬁarallel paths with fhe MRL group, except
that the RL group.is further ihto the curriculum almost from the beginﬁingi
It looks as thgugﬁ rapid motion-@ay.have determined the élacement of the
two groups differently, but after cémpleting the1100 minuﬁes of rapid.motion,
students in both groﬁps’proceeded at approximately equal rates. Why.

‘would rapid motion affect the two groups. so differently? Perhaps it is

- bepause the two groups are less similar than the . design intended. In

faéﬁ, non-readers and predominantly Spanisﬁ-speaking children were

removed from the RL group when it was determined that thé reading énd

lahguage programs were inappropriaté. | | | -
| In Figure 9, the progress ofléhe same RL and MRL sfudents is
portrayed graphically for the language curriculum also. The graphs

seem to show the RL students accelerating faster in'language than the MRL

student§; Perhaps one session of language every other day is too little to

achieve the maximum rate of progress.
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Figure 9. CAI Progress in Reading and Language Arts.
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Rate of Progress

'Norm tables for studen;s in this CAI study were made to display
entry and exiF levels, mean time on computer and rate of progress. The
norm tables were further broken down by sex and ethnicity wifhin grade
levels. An example of thg norm table for mathématics,entr& level_l;S to
1.9 i{s shown in Table 3-3. i

f_/Rate of progress as shown in the norm tabie is defineq as curriculum
ievels gttained per 100 minutes of CAI time. It4was computed for each

student by:

exit level - entry level x 100
exit time - entry time

In Table 3-3 we see that the mean rate at this entry level for'all

.students in grade 1 was «075. With roughly 1000 minutes of CAI. time, the

average first grader could cover .75 of a curriculum level. In fact, the
ave{age first grader at this entry level entered at 1.66 and left at 2.45
with 1041 minutes of CAI time. That information was obtained from the

bottom line of the ‘efitries for grade-l. - Those-figures are articulated

.even further with breakdown by sex and ethnicity: Black, Spanish,

and others.
In looking across grade levels, the rate of progress for students
entering the math curriculum at‘level 1.5-1.9 increases to grade 4 and
then decreases in grade 5. (The increase in grade 6 is baséd on one
student and shoﬁld not be considered in looking for patterns‘in the
data.) The higher the rate of progress figures, ghe farther the student
has been able to proceed in the curriculum.. The mean exit scores do not
show the pattern of increase ﬁhrough grade 4 because of the different ' «

amcunts of CAI time at the different grade levels.

Q1Y




Table 3-3

Norm Tables for CAI Achievement (LAUSD/CAT)

FOR MATH eNnTRY LEVEL 1.5-1.9

ERIC

PAruntext provided by eric

210

ENTRY EX1Y TINE ON CONPUTER RATE
STUDENTS) MEAN ST-Dev MEAN ST-0€v Lo HI | ME AN ST-0EV |  Nean ST-0€y
GRADE 1 { -
OTHERS | 27, 1.681 0.1272 2.518% 0.4400 1.4 3,5 1035.3  141.400 | 0.078 0.042
BLACK ) 5, 1.660 0.145¢ 2.407 0.3595 2.0 3,24 1006.5 90.405 | o0,07s 0.037
SPANISH] 131, 1.609 0.122) 2.313 0.3289 2.0 2,9 1102.4 46.854 | 0,069 0.026
MALE 28. 1.6423 0.1345 2.432 0.3859 1.4 3.7 1036.3  141.101 | 0.074 0.039
FEMALE | 25, 1.680 0.1291 |- 2,480 0.4123 2.0 3.5 | 1046.4 85.999 |  o0.077 0.037
TOTAL | s3, 1.660 0.132) ¢ 2.455 0-3954¢ 1.4 3.5 1041.1 . 117.37¢ ¢ 0.075s 0.038
GRADE 2} ] : ! !
OTHERS | 22. 1.782 0.1368 | 2,348 0.5358 1.1 3,3 806.8 240.738 | 0.080 0.074
BLACK 60. 1.713 0.1523 | 2.163 0.2497 1.3 .4 572.8  210.406 | 0.091 0.055
SPANISH] 130, 1. 747 0.1456 |- 2.117 0.2866 1.5 .7 [ Tl4.1 203,442 0.056 0.061
MALE - | ss, 1. 749 0.1514 | 2.215 0.3039 .} 3.00 691.5 223.719 | o0.078 0.059
FEMALE | s7. 1.723 0.1464 | 2.168 0.3766 1.3 3.3 | 622.9 239,470 0.081 0.065
TOTaL ) 142, 1.736 0.1488 | 2,19 03421 1.1 3.3 I 6%6.6 233.381 {  o0.079 0.062
GRACE 3 A | A
OTHERS | 3, 1.6358 0.0853 | 2.618 0.35057 2.0 3,5 1299.5  39),565 ¢ 0.078 0.040
BLACK 26, 1.638 O0cl444 | 2.7713 0.3111 1.6 3.4 | 1224.6°  477.049 I ~ o0.101 0.05%
SPANISH| 29, 1.634 0.128% | 2,641 0.35039 2.1 3,94 1063.0 253,919 § 0.100 0.05%
MALE 33, 1.639 0.1298 | 2.78s 0.5128 2.1 3,9 1159.9  364.342 § 0. 106 0.054
FEMALE | 138, 1.633 0.1255 | 2,593 0.4839 1.6 3.6 | 1179.5 409.732 - o0.087 0.0%0
TOTAL | es. 1.636 0.1266 | 2.687 0.5041 1.6 3,9 | 1170.0 38s.605 | 0.096 0.0%2
GRADE 4| 3 ] {
OTHERS | 4, 1.930 0.0 1 3.600 0.0 3.6 3.61 9g1.0 0.0 | 0.170 . 0.0
BLACK | 20, 1.801 0.1144 | 2.88¢ 0.5747 1.7 3.7 699.3  199.535 | 0.114 0.079
SPANISH] 12, 1.731 0.1583 | 2,988 0.8311 1.6 5.9 | 7197.8  196.908 | 0.152 0.118
MALE 21. 1.749 0.12713 | .59 0.6383 1.6 3,7 763.6 183.626 | 0.104 0.07s
FEMALE | 12.° 1.833 0.1371 | 3.014 0.7694 2.2 5,9 705.3 235,980 0.173 0.112
ToTaL ) 33, 1.780 0.1352 | 2,748 0.7077 .6 5.0 | 143.7  202.688 § 0.129 0.094
GRADE s) . | | 0 e i
BLACK 8. 1.862 0.03%18 | 2.825 0.5523 2.4 4.1 ¢ 1299:2 - 504,592 ') _ 0.080 0.039
SPANISH] . 1.817 0.0753- | - -2; 800 0.5762 2.2 3,4 1786.3 217,364
NMALE ) 7. 1.857 0.053% | 2,687 0.4577 2.2 3,4 | 1325.9 535,854
FeEmaLe | 7, 1.829 0.07%6 | .97 0.6047 2.2 4.3 ¢ 1690.1 . 327,784
TURAL | e, 1.043 0.0646 | 2.8)4 0.3405 2.2 4.1 1508.0 466.736 |
GRAOE ¢ . 1 ] {
SPANISH| . 1.900 0.0 ! S.100 - o.0 5.1 S.1 | 99s.0 0.0 |
FEMALE | 1.900 0.0 i s.100 0.0 5.1 S.1 ) 9950 0.0.. |
voraL | ., 1.900 0.0 ¢ s.100 0.0 5¢1  s.1 ] 99s.0 0.0 |
\‘l
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&éble 3-4 presents the rate of progress by grade and entry levél

\ ,
for the three CAI curriculums: mathematics, reading, and language. -

i
|

i : 1

Differences among the curriculums are immédiately apparent. Rate |
i . B |
' |

f progress is lowest in reading and highest in language. In the reading
: |

urriculum only the first two entries in grade 4 and the last three in

1 . : _ 1

grade 6 are above .100. In the language curriculum none of the entries
|

00— 0O

are below .100 and 13 of the 27 entries are above .200. Rates in the

mathematics curriculum are intermediate=-between the two extremes.
Perhaps this is what the conventional wisdom of CAI coordinators was

expressing. It was easy to get through'the language curriculum, harder

|
|

\

to\get through the mathematics curriculum, and hardest (or slowest) to

get through the reading curriculum. From the data one is unable to

deﬁérmine wﬁether it is the difficulty of i

]

\
. ‘s

tems, the underlying softwa%e
k |

or fome other reason that makes progress in the reading curriculum so i

| 1
8 lo“]o : ’ .‘_

' |

K,d e : . 1
 Summary . ‘ - %
| |

of
y
We have seen that for a given range of entry

\In this chapter we have seen graphs of -students' progress in each

the &hree CAI curriculums.

levei écores-l.S to 1.9 in.thé.mathematics CAI curriculum=—there were

i

studehts from all six grade levels proceeding through the curriculum at ;

; _ \
varying rates. We have observed that the rate of progress is highest in |

the language éurriculum, intermediate in the mathematics curriculunm,

l
|
i

and slowest in the reading curriculum. The data agree with observations

from cbordinators in the CAI labs.

|
|

oo
b
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Table 3-4

Rate of Progress by Grade and Entry Level for Three CAI
‘Cur.riculums: MATHEMATICS, READING AND LANGUAGE.

<

- MATHEMATICS 1.0- 1.5~ 2.0- 2.
‘GRADE 1.4 1.9 2.4 2

|
&

1 .086 .075 .076 -

2 .101 .079 .087 .122 .169 .154 ' {

3 .095 .096 .099 .116 .130 .161 .230 - x

4 0130 .129 .114 .123 .143 .142 .097 '

5 .070 .079 .092 .106 .109 .126 .127 .108 .125 .113

6 322 .126 .141 .130 .115 .164 .188 .173 .116 .107 .079
READING ‘
GRADE

1

2

3 . ' :

4 .130 .102 .068 .073 .065 .068 .072 .016 .05l

5 .061 .083 .086 .064 .075 .081 .062 .067 .086

6 .077 .089 .065 .065 .057 .064 .246 122 .112
LANGUAGE Lo

GRADE
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Chapter V
CONCLUSIONS

Part 3 of the final report has dgscribed briefly the three curriculums
uséd in our longitudinal study of CAIL. The curriculums were found to
adapt rgadily to the entryvlevel abilities of most students. The mathe-
matics strandscurriculum hadiﬁhe broadest capability. Students in grade
4, for example, were placed across all grade levels by the';nitial rapid
motion phase of the curriculum, and regular progress in Lhe curriculum was
fast enough to keep students motivatgd.

Reading and language CAI curriculums were less adaptable to students' -
entry”lev%l abilities. Some fourth grade students topped out of the B
languagé curficulum, while others had d;ffieuity moving beyon& ﬁﬂe i;weét
level of the reading éurrigulum. Progress in the laqguage curriculum was
fast enough to keep students mStivated, but progr;ss in reading was much
slower.

We alsc took a careful look at students' time on CAI in order to

determine that the research design requirements were met. Although there

wa; coqsiderable variation in the amount of time on CAI for individuals,
times for different CAI treatment groups were remarkably alike. We also
found ﬁhat students assigned to varying levels of CAIlAid, in fact,

receive varying levels of treatment. We turn now to Part 4 of the final

report and an examination of ‘the effectiveness of the CAI curriculums.
i v
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- COMPUTER-ASSISTED INSTRUCTION AND COMPENSATORY EDUCATION:

THE ETS/LAUSD STUDY

THE EFFECTIVENESS OF CAI

|

PART 4

*T1s APPEARED AS PART 4 oF M. RacosTA, P. W. HoLLanp, anp D. T. Jamison
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OVERVIEW

In part 4 of the Final Report we turn to studies of the effectiveness
of the CCC curriculums as used in CAI labs in four elementary schools in

the Los Angeles Unified School District. Part 4 of the Final Report is

organized in the following manner: .

. In Chapter I the research design is presented.

. In Chapter II a discussion of the research methodology will
present the underlying statistical model. The explication of a f////
specific analysis is used to illustrate the basic procedures. __.-
Finally, there is a short section on how to read the tables—used

to report the treatment effects..

. In Chapter III 12 one-year studies of CAI are-éummarized by grade
level. Only within~-CAI analyses-—-the randomized ‘parts of the
research design-—are reported.

o In Chaptef IV each of the three longitudinal studies is summarized.
Within-CAI analyses are presented first but analyses based on cohort
controls and comparison-school students are included.

. In Chapter V the big picture is presented. Treatment effects in
mathematics, reading and language arts are estimated in terms of
standard deviatiens. These estimates are made first for the

one~year within-CAI studies, then for the longitudinal within-CAl
studies, and finally for the cohort-control and comparison—school

studies.

<

o« In Chapter VI we summarize our findings and present our conclusions.

Before we turn to the effectiveness data, however, let us consider
what it is that We‘aré studying. We are gstimating the effectiveness of
several CAI curriculums produced by Computer Curriculum Corporation and
used in CAI labs as a pull-out program for drill-and-practice in mathe-
matics, reading, and language arts. There are many versions of CAIL; the
one we are studying represented the broadest programmatic approach’at the

time of this project's funding. N

iii Oy




Chapter I -

THE RESEARCH DESIGN

The research design determined which students would--or would
not--receive computé;-assis£e¢ instruction during each of thg four years
ofbthe study; VIt fur;hér determined which of the CAI cdrriculums, or
combinétion df curriculumg, a student would receive. It also provided
‘for three kinds of control gro;ps. |

Six scﬁools in Los Angeles participated in the study: four as
schools with CAIvlabS and two as comparison schools. Studézfs in the two
compar?son schqols‘pfovi&ed one kind of control group. The advaﬁtage of
the comparison éroup was that data could be collected simultaneously for
CAI students at a pargiculgr grade level and studehts'a; the,same_grade
level 1n2compari;on gchools. At the end Of'anyAyear‘of data collection,
CAI students could be directly comﬁared,té comparison-school étudeﬁts;
There_ were obvious disadvaﬁtages to uéing Comparison schools: differences’
; in populations of students, leédership styles of principals, teachefé and
feaéhing practices, and the overall school eﬁvironment. Qetter control
Vgnpups were provided from within the CAI‘schqbls.

Approximately half of the students in the four CAI schools received

computer—assisted instructipn while half did.not.

[+

¢



Grades

No data Special
one=-year
study

!

“

Students in grades 2, 4 and 6 were assigned CAI in year l; their cohorts

in grades 1, 3 and 5.were not. In year 2, first graders were assigned '

CAI along with third and fifth graders who continued to receive i;.. In k
- year 3, CAI wasklimited to students in grades 2, 4 and 6. In year 4, CAI

was continued for students in grades 3 and 5 and a special one-year study

>
of CAI was conducted in grade 4. Students in grades where CAI was not

‘assigned became the second kind of control group-~the cohort controls.
One advantage of the cohort‘control group was that the pophlatipn of
studentsland_the school environment (principals, teachers, school
practices, e;c.) were similar to those of the CAI students. 'The disadvan-
ﬁage was thét data at any grade level was collected a year earlier or
later than data for CAI students. At tﬂe end of year 1, for example, no

" cohort-control data'was'avgiiable»for.grades'2,‘4 aﬁd 6 ﬁhef; stﬁdenfs

were receiving CAI. Only after ﬁhé second year of data collection was

completed could CAI students be compared with their cohort controls.

~




The comparison of CAI students with their cohort controls is a test of
CAI used as a substitute for part of a teacher s classroom time.
The best control groups were provided within the ranks of students

receiving computer-assisted instruction., These control groups were
‘achieved by random assignnent of students to their CAI curriculums,

thus creating the‘conditions for a genuine social experiment. LTWelve
'hone-year‘studies of CAI were designed to evaluate the effectiveness of
the CAI'curriculumsoover one year or longer periods of time. The twelveb
‘one-year"studies,are outlined in Figure 4-1.
i ~In year 1, sixth-grade students were randomly assigned within
%lassrooms to receive either. two session of mathematics (MM), two
sessions of reading (RR), two sessions of language - (LL), or one session
of readingAand one of language (RL). The MM students served as a control
group for those CAI students receiving readingvand/or language and,
conversely, the RR, LL and RL groups served as controls for students
receiving mathematics CAI.

o

. Similarly, students in grade 4 in year 1 Were‘randomly assigned to
receive either: two sessions of_mathematicS'(MM), one session of reading
and ;ne of language (RL), or one session of mathenatics with one session
where reading and language alternate (MRL). Students' assignments in
grade 4 were continued into grades 5 and 6, and new students were randomly
- assigned as. they entered the system. - The. MM group'served as a control

for two levels of CAI reading and language assignments (RL and MRL),

and the RL group served as a control for two levels of mathematics CAI

v‘(MM and MRL’.

f

=




(NOTE: M = Mathesatics CAI, R = Reading CAI, L = Language

CAI, C = Reading for

Comprehension CAI)

Grade 1 Grade 2 Grade 3 - Grade 4 Grade 5 Grade 6
Year Random within Class Random within Class Random within Class
19% M: 7 minutes ‘MM: 20 minutes daily MM: 20 minutes daily
) daily - ‘vg. . . vs. :
’ vs. RL: 20 minutes daily RR: 20 minutes dail
‘ y
MM: 14 minutes V8. vs.
daily \\ MR/L: 20 minutes daily LL: 20 minutes daily
v8. :
N N RL: 20 minutes dally
Year hm:lon by Class Random within Class Random within Class
2 M: 7 minutes cb&’o MLt 20 minutes daily MM: 20 minutes daily
1978 %
daily > vs. . Sos vs.
vs. ‘ MM: 20 minutea dafly . RL: 20 minutes daily ‘L
No CAI ~ vs. ' |
S MR/L: 20 minutes daily )
~
\
Year Random by Class Random within Class o, Random within Class
3 M: 10 minutes RL: 20 minutes &O.f]. MM: 20 minutes daily
1979h daily v8. (479 va.,
v vs., o MM: 20 minutes 473’0 RL: 20 minutes daily
No CAI ~N L vs.
- ~ A Random by Class MR/L: 20 minutes daily
~ T. & Th. vs. M/W/F
3 AN
, i . - a .
2 d A Year - Random within Class Random within Class Random within Class
4 . M: 10 minutes daily M: 10 minutes daily RL: 20 minutes daily
1980 v8. i V8. V8.
L: 10 minutes daily R: 10 minutes daily MM: 20 minutes daily 2 3
vs. o ke
L: 10 minutes daily
vs. N\
C: 10 minutes daily { |
3
> Figure 4-1 CAI Treatment Over 4 Years
o '
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Students in grade 2 in year 1 were randomlyfassigned within'claSSf
rooms to either one or twn sessions of mathematics CAI. This was the
only design which.created opposition on,the part of teachers and students
and it was never repeated. ‘When the students beeemevthird-graders,
they were reassigned to receive either two sessions of mathematics CAIL
daily (MM) or nne session of_mathematics and one of language (ML). The
simplef vocabu;ary and_fastef movement of the language CAi eurricuium
were the reasons for its selection over the reading cutficulum for this

grade level. In subsequent years, the ML students received reading and

%

" language CAI (the RL group) while the MM group continued to receive two

sessions of mathematics. In the three-year longitudinal study-and the‘

two two;yéﬁi studies-‘whichvresulted'from‘the use of CAI in grades 3-5,

the MM group served as controls for the ML-RL-RL group and the latter
served as controls for the MM group.

For the first-grade students who became part of the CAI study in

year 2, random assignments within classrooms could not be made to different

curriculums because only mathematics CAI was available in grades 1 and 2.

.Random assignments to different levels of mathematics CAI were not made

"within classrooms because of the disruption caused by that design in year

1. First-grade classrooms were first paired on the basis of student-
ability and/or other variables, and then one member of the pair was

randomly assignad to CAI while the other served as a control. The same

procedure was used subsequently in grade 2. By the end of grade 2 there
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were 4 kinds of CAI conditions among the students: some had received two

i

I

i

years of mathematics CAI, some had received CAI only in grade 1, some had l

rece{yed CAI only-in grade 2, and some had received no 6AI at all, In

grade 3 in the final year of the study, all studenté were réndomly I

assigqed within classrooms to receive either one session of mathematics

or one seésion of lahguage. In the three-year longitudinal study in- l

ciuding studentsAin grades 1-3, controls were provided by levels of use o
i g | i

of the mathematics CAI curriculum: for zero, one, two, or 3 years.

In'the special one-year study at fourth grade in the final year,

students were randomly assigned to one l0-minute CAI session daily of.

either mathematics (M), reading (R), language (L) or a newer curriculum
" (available at one school only) reading-for-comprehension (C), In this
study each group served as é control for the others. '

As part of the research desigh, all stludents were pretested and
qugttested éach year of the study with stanaardized achievement tests;
géﬁerally, Iowa Tests of -Basic Skills in the fall (September/October) and
the Comprehensi\;e Tests of Basic Skills in the spring (April/May).
PRETEST ] POSTTEST

GRADE 1 CTBS Form S Level A : CTBS Form S Level B

~

2 ITBS Form 5 Level . CTBS Form S Level C
3 ITBS Form 5 Level 8 , CTBS Form S_i)gvel 1l
4 ITBS Form 5 Level 9 - - " CIBS Form S Level 1
5 °  ITBS Form 5 Level 10 “CTBS Form S Level 2

6 ITBS Form 5 Level 11 _ CTBS Form S Level 2




1 give what may be considered the upper boundary of the treatment effect.

_treatment effects using the CSTs might be overinflated because control

. R

Excepf for the fall of year 1, all students wére also pretested and
posttesééd each year with curriculum-specific tests (CSTs) de?eloped for
the study from the CAI curriculums. ‘Bofh the standardized tests and
CSTs are relevant and reasonable instruments fqr measuring treaﬁment
effects but they may be viewed as providingrtwd kinds of information:

the former give a general treatment effect which may be compared with

. treatment effects in other studies using standardized tests; the CSTs

v

-Whereas the treatment effects arising from the standarized tests might be

depressed .due to a mismatch between the CAI curriculum and the\test, the

groups were not exposed to the CAI material in the classroom.




' ’ Chapter II

RESEARCH METHODOLOGY

Our basic summary measures of“thg effectiveness of the various CAI

curriculums studied in this investigation are estimated treatment effects
that have been édjustea for pretest scores and a variety of other -
variables.. In this section we sha}l give a careful description of the
regression methodology that was used to obtain these estimates throughout

the many subanalyses that make up this report. We shall concentrate here

1

6n a specific analysié that we will call the Basic Analysis} The Basic
Analysis formed the prototype for all of the analyses of achievement -data
in this report. Specific subanalyses required certain modifications of

the Basic Analysis, and these modifications are described in the sections

that give the subanalysis results. |

' The Uhderlying‘Statistical Mobel

, |

» . In all of the analyses reported here, we are interested in the

relative effects of exposure (and non-expOSure)\to various CAI curriculums
. |

on student outcomes as measured by certain tests. These test scores atre

tbe dependent variables in our analysis. We shall denote a generic
' //g;péndent variable by the symbol Y, as is customary. However, we will de-
part somewhat from the usual regression notation because we wish to

emphasize that, in an experiment like the present one, there are several

versions of theodependent variable. There is a version for each potential °

exposure condition. For example, in grade 4 year 1 there were three

- possible combinations of CAIL curricuiums to which a student could be

assigned. These were denoted MM, MRL or RL, respectively. Hence for each
student in the experiment and for each Y there are potentially three -

different Yersions of ¥ that we could measure =-- denoted YMM’ YMRL qr YRL'

" R2%
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The value of Y

MM is the value of Y that would be observed if the student

were exposed to MM. The value of YMRL is the value of Y that would be

observed i1f the same student were exposed to MRL. Similarly for YRL'
If the CAI curriculums differ in their relative effectiveness, then for

each student the values Y Y, . and. Y, woﬁld not be expected to be the

MM® "MRL RL

same. For example, if Y denotes the score on a mathematics test, then we

would expect that Y 3_Y > Y for each student in the experiment,

MM MRL = "RL

- )

since this ordering is the same as the order‘of the amount of.exposgre to
thé CAI Math cgrriculﬁm. However, it is impossible to observe more than
one of these threé versions of Y for each student in the type of experiment
we are discussing. Hence, the only information that we have available for
a given subject and a given dependept ;ariable Y is

(Y5 Sy Xy ' (1)
where S denotes the CAI (or non-CAI) condition to which the student was
exposed, YS denotés the corresponding version of the dependent variable and
X denotes a Qector‘oflcovariates which are either measured prior to the
exposure to the CAI curriculum (e.g., pretest scores) or not affected by
it (e.g., gender or ethnicity). Since X is not affected by S, it does not
have several versions in the way that Y ‘does. )
We can not directly compare the &élues of Y and YRL for each

MM

student, but we can estimate the average value of YMM and of YRL'in a

given'populafion of étudents and compare these averages. Our ability to
estimate these averéges depends on two things -- random assignment of

students to curriculums and the ‘use of covariates. We had one or both .

»
w

of these factors available‘to us throughout the entire study.

’
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Let us denote the operation of taking a population average of. &

variable Y by the notation E(Y), (or by EP(Y) if it is necessary to be
explicit about the population, P). It is also necessary for us to have

a notation for conditional population averages, that is averages of the

1

values of one variable ehong only those students with a given value of

-~

another;vatiahle. We use the standard notation E(Y]X) to denote the
conditional average of Y for each fixed value of X. We will make use
of the following fundamental equation that relates population avefages'

and conditional population averages:

o

.‘;" E(Y) = E{E(Y|X)}. (2)

The éontent of formuia (2) is very simple -- the population average of

Y can be computed by first averaging Y for each fixed value of X and

come from the distribution of X in the population.

The population treatment effect (T.E.) of an exposure condition,

say MM, relative to a second exposure condition, say RL, is the average

of‘the YMM - YRL differences over the population, 1i.e.

T.E. = E(YMM -Y (3)

for-any

RL)'

However, as we said earlier, since we can not compute YMM - YRL
single student, the treatment effect in (3) must be estimated via
indirect means.' The first step along this path is to use the fact that
the "average of a sum is the sum of the everages" to obtain the equation

- . = - Y = - Y, (4
T.E. = E(fgp) - By = Ehy - Ygy) W

" Therefore the problem of estfmating the treatment effect in (3) has been

reduced to estimating the two means E(YMM) and E(YRL) over the population

of students.

Before goiog on to show how one estimates E(YMM) and E(YRL) we

223

—
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briefly discuss our choices of treatment and control comparisons.

We often have more than two CAIVexposure conditions in the substudies
."of this report, 'When‘thié happens there is no unique Qay to define the
‘treatment effects. We have adopted the convention of taking one of the
5 ) . .
exposure conditions as a control and computiné all of the treaﬁment effects
Jrelat@ve to it, gor the grade 4 year 1 example this means that when

the dependent variable is a math test the treatment effects to be

estimated are ' .

E(Yyy = Yp) = E(,YMM) - E(Yp) . (5)
and )
) A

E(Yypr = Ypi) = EMyp,) = E(¥p). (6)

These effects are meaningful in the context of this study because the

*

amount'of exposure to the CAI math cu;riculu& is 0 for RL, ld minutes
~per day for MRL and 20 minutes per day for MM. Hence we would expect
the effect iﬁ (5) to .exceed the one in (6).

- For reading and language dependent variables, a different set of

treatment effects are relevant. iThesq are

o .~

EC(Y,. -~ YMM) = E(YRL) -'E(YMM) @))

- ‘ RL
and

-

|- Eygy = Y = EChgy) - By (8)
Our general rule for choosing treatment effects is to use as the

control the exposure condition with the -lowest amount of exposure to the

curriculum tested by the dependent vériable.' Thus, all of the treatmént
" >

effects in this study are interptetable as the average number of test

items correctly answered due to the increase in exposure to a specific

CAI curriculum. We now return to our discussion of the estimation of

the treatment effects. '//’;/,,/**

~




-12-

It is one thing to set as a goal the estimation of the treatment

effects given in (5)~(8), but quite another to design a study éapable

<

of doing that.' Critical to our ability to estimate these treatment
effects are two key features of the present study -—- randomization and
thé availability of covariates. We discuss the rol€ of these features
now.
when we can only observe (YS, S, X) for each student as defined in : -,

(2), where X is the vector of covariates, S the exposure condition to
which the student is exposed and YS the value of either YMM’ YMRL or
YRL (depending on the value of S), it is not directly possible to estimate
E(YMM), E(YMRL) and E(YRL). For exafmple, suppose we computed tbe average

3

value of YMM for all those students exposed to MM (i.e., for whom S = MM). .

This is an estimate of:

s

= MM) . ‘ (9)

and not an estimate of E(Y The relationship between E(YMM) and

MM)'
f(YMMIS = MM) can be expressed as

E(Yy) = E(Yyp ]S = M) P(S = M)

‘ (10)
, .+ E(Yy s # M) P(s # M),

Hence we see that in order to use the data thate are colleéted to estimate,
the parameter of interest, a study must be designed to allow us to make

. reasonable assumptions about certain quancities o; parameters that are
iﬂherently inestimable. In (10) the inestimable pérameter is

.E(YMMIS ¥ MM) , , (11)

which is the average value of Y for those students in the populatidn

MM

exposed to some CAI curriculum other than MM. Since we can only observe

YMM for studentsAexposed to MM, the quantity in (1l1l) can not be estimated -~

‘directly. This does not mean‘that‘thg.quantity in (11) is meaningless.

.

L Y
. ;) N
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-

For example, in a randomized study, the assignment of students to

curriculums is designed to be stétistically independent of any dependent

" variable. A mathematical consequence of this statistical independence is
. that

a .E(les # MM) = E(les = MM). | (12) Y

Equation (12) sayéithat the average valué'of YMM is the same for those

students assigned to MM and those assigned‘to the bthgr curriculums. If
equation (12) is dpplied to (10) we obtain the following basic fact
about a randomized experiment:

E(Yyy) = g(Ym[s - MM). (13)

The left side of equation (13) is the parameter we wish to estimate

~

]
while the right side of (13) is the parameter we can estimate. Randomiza-

'

tion makes them equal.

g A

A second device that helps us towards our goal of estimating E(YMM)’

E(YMRL), etc. is the use of the covariates, X, which appear in (1). The
covariates used in this study are pretest scores and certain deﬁographic
MM on X

characteristics =-- gender, and ethnicity. The regression of Y
for the students exposed to MM is an estimate of the conditional population

average Pf YMM given the value of X and S = MM. This is represented

mathématically by ¢

| E(‘YMMLS = MM, X). (14)
The;e is an equation that ie}ates the reggession function in (14) to the
quantity that we are interested in estimating, i.e. E(YMM)' This

< equation is like the equation in (40). 1t is

| wlS = MM, X) PGS = M[X)) _

+ E{E(Y),[S # M, X) P(S # MOX)).

E(Y,.,) =-E{E(Y
MM’ (15)

o l ' zg;fi
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Again, we see that the relation between E(YMM) and the regression

function that we can estimate involves an inherently inestimaBle quantity.
' This time the inestimable Qdahrity is
E(Y),lS # MM, X) , : (16)

which is the regression of Y on X‘for those students exposed to a

MM

curricdlum other than MM,

If.X'predicts Y well, (i.e., has a high\R2 value) or if S is

MM

independent of Y ., .because of randomization, we are often willing to

MM
assume that the regression function in (16) equals the one in‘(14).

When this is true (15) reduces to .
E(YMM).s E{E(YMM|S - MM, X)}. eV
Formula (175 does not assume that the regression function of YMM on X
is linear, but for‘simplicity we will. If (14) is a linear regression
then it is of the form
E(Y,,[S =M1, X) =a+bX . (18)
where a is a scalar and b is a vector compatible with X. We have’

E(YMM) = a+ b EX). - » (19)

Equation {(19) gives a formula for E(Y ) in terms of the regression :
of YMM on X for the group exposed to MM, and the average of X over the

population. Correspondingly, if we can assume that

= RL, X) = a* + b* X (20)

E(Yp [S # RL, X) = Q(YRLls

then we have
o E(YRL) = a* + b* E(X). (21)
The treatment effect of MM relative te;RLwis then

T.E. = E(Yy,) - E(Yp ) = a-a* +§b4b*) E(X). (22)

LAV)
(Y
v
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A speci;l simplification~occurs when the regréséions in (19) and (21) are
“parallel," i.e., when b = b*, In this case the treatment effect reduces
to

T.E. = a-a* | ' (23)
which is the difference in intercepts for the two regréssions. .
Eqdation;(23) is the basis fo; the way in which we performed the

analysis in this study. We may summarize the assumptions that lead to it

“as follows:

"M and S given X, -

E(Y,ls = M, %) = E(YMMIS £ MM, X).

(Al) Cohditipnal independence of Y

(,Similai‘ly_ for the other expc;sure cond%ions, MRL and RL.)

(A2) Linear regressions, e.g.

E(Y =MM, X) =a+bX.

el S |
(43) Parallel regressicns, e.g. thegregressiqnsAof YMM’ YMRL and

YRL on X all have the same slopes, but may have different

intercepts.

Assumptions (A2) and (A3) can be and were checked on the data for their

adequacy. Assumption (Al) can be insqf%d by;the use of rahdomization

and/or the use of covariates which are well co}related with the dependent

variables.

The Basic Analysis

We now discuss the speciﬁic anal&sis used in grade 4, year 1 of
the study. This is the Basic Analysis referred to earlier and forms
_the prototype for all of the other analyses performed in this part o{

v

the report.
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There were .three CAI curriculums available in grade 4 —= matﬁematics
(M), reading (R) and language (L).. Students were assigned randomly to one
of.tﬁree CAI curriculum éombinafions inigrade 4, year i.H These are denoted
MM, ﬁRL and RL:
| MM = Two, lb-minute.sessions of mathema;ics CAI per day.
"RL = One, .10-minute session each of reading CAI and
langﬁage CAI per day (total of 20 minutes'per‘day).
MRL = One, 10-minute session of mathematics CAI per day
~and one, lO-minute session of either reading CAI or
language CAI (alternating weekly) per day (total of
20 minutes per day).
The assignmen€ of students to the treatment conditions was random within

[

classrooms. Thus, each tlassroom may be viewed as a separate population,
. )

Pi’ in the analysis. However, the sample sizes at tbe classroom level
are quite small, and it is customary in such circumstances to "pool"‘the
analysis across the classrooms. By "pooling" we do not mean simply

treating all the classrooms -together as one big sample in which we ignore

e} .

the classroom a student comes from Instead we "pool by parallel regres-
sfons". This is done as follows. 1In the‘igh classroom,'Pi, the mean of

YMM is denoted EPi(Y

the dependence of the regression coefficients on 1, i.e.’

¥

B (g = e+ b, E(®). (24)

MM)" Equatioﬁ (19) should then be written .to show |

Similarly, for equatidn-(Zl)l Under assumptions (Al), (A2) and (A3).

@
-

o
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the treatment eff%gt of MM relative td/kL in classroom Pi is a; - ai*.

When we pool by parallel regressions we assume that the treatment .

: effects in each classroom are equal i e. that

i i MM

for each 1. We also assume that the sioges bi in all the classrooms are

a, —a,* =1, ‘ (25)

. equal. A corresponding’%ssumption is made regarding the treatment
"effects of MRL relative to RL. These assumptions in conjunction with

(Al), (A2),. and (A3) lead,to these three parallel regression equations:

i(Y s MMX)=ai*+'rMM+bX
EPi(YMRLIS = MRL, X) = aj* + 1. + sx | (26)
EPi(YRLlS = RL, X) = a % + b X ‘

These regression equations are estimated all at once by a single

regression analysis which fits the following model:

Y=a+1 'ciCLi’+ dMALE + I e,ETH

- | _— o (27)
ok i kaRTk + TMMMM + TMRLMRL.
In (27) CLi is an indicaior (zero/one) variable for students in Pi

(CL = 1 for students in Pi)’ MALE is an indicator variable .for gender
(MALE = 1 for males), ETHj is an indicator variable for the J—— ethnic
category; PRTk is the value of the k—h pretest score used in the analysis

as a covariate; MM is a treatment indicator for students assigned to MM.

5

Similarly for MRL. '
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" The identification of the regression parameters in the three

i
3,

_equations in (26) with the estimated coefficients in (27) is as
follows¥ 7 V -
s .k

a; = a + ci : for all but the last classrooﬁ,

*

dLasT T 2@

b = fd, ers gz,...,bl, b2,...)

Tvm and TMRL in (26) correspond exgctly to the quantities with
the same labels in (27).

Table 4-1 gives the estimated values for the coefficients in
(27) and their associated t=-values for the dependent variable,
Y = Total Score on fourth grade Math CST. From the values in Table
4=1 we can form the three estimated régression equations from (26)
that correspond to each classroom. For example, for the first class-

room (i.e., CLASS 107) the three eqdations are:

20.52 4+ 14.51 - 1.36 MALE -~ '10.73 ETH; - 3.45 ETH, + 0.87 PRT, + 1.56 PRT2

1 2 1
20.52 + 5.25 - 1.36 MALE - 10.73 ETHl - 3.45 ETH2 + 0.87 PRTl + 1.56 PRT2
20.52 - 1.36 MALE - 10.73 ETHl - 3.45 ETH2 + 0.87 PRTl + '1.56 PRT2.

These three estimated regression equations are the result of a
pooled regression'and, ;s sﬁch, are not the equations that woula be
obtained if a separate analysis were made of the three treatment groups
in the first classroom. The results of the pooléd regression are
preferred when the samples in each treatment group in each class are

small, because they are more accurate than the results of separate

.
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Table 4-1

_”;_ -Example.showing. the results.of a.pooled regression.analysis.
to estimate treatment effects for grade 4 year 1. »

Dependent variable = CST Math Total. .

Variable Coefficient Variable Name _
Name in- in in Regression:. Estimated .
Formula (27) Formula (27) Qutput Coefficient t-value
- a PSEUDO 32.11 4.18
CLl <y CLASS107 - =11.59 ~1.55
‘CL2 ¢,y CLASS108 " 6.38 0.87
R cy CLASS216 -10.50 -1.52
CL4 c, CLASS218 -4.30 -0.55
CLS Cg CLASS301 ~-5.86 ~-0.96
CLg cq ’ CLASS 308 =7.27 -1.09
CL7 ¢, CLASS322' -10.79 -1.80
CL8 cg CLASS 329 -17.65 -?.92
CL9 Cq CLASS414 . -4,57 -0.76
MALE d MALE -1.36 -0.53
ETHif ey BLACK ~10.73 -1.99
ETH2 .8 SPANISH -3.45 :-0.71 .
PRT, b, 4M1..RW1 0.87 2.65
PRT, b, 4M2. . RW1 1.56 3.67
MM L MM 14.51 452
MRL TVEL MRL 5.25 1,73
’ R = 0.580, Std..err. reg. = 16.12

N = 175,
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anaiyses. For example, tﬂe first claésroom conﬁains 18 students dis- {
tributed into‘the‘three CAl exposure condi;igns, whereas the regression
“féSdits"Id”Table'K4l"aré'bééédm6ﬁ'175t§tudéﬁt5”ff6m‘10’claésréoms." R
When using pobled regression analysés as we do throughouf‘thié
report, it is negessafy to make certain checks on the fit of the
estimated equatién‘to insure that the benefits of the pooling are not -
lost because of an increase in bias in the estimates. We made these
checks by routinely testing for inter%ctions between the treatment
indicator variables and the other ind%pendentvﬁariables in the regres-
sion analysis. . In almost all cases‘wé found novsignificant interactions
that would lead us to change our method of estimating the tréatment

effects.

'

The Format of the Tables used to Report
Estimated Treatment Effects

vWe have adopted—a consistent format for displaying the estimated
treaﬁmen effects for all of the sSubstudies diséussed in this part of
the report. In order to help theiréader understand‘the relevant
information in these tablés we give here a brief description of the
example in Table 4-2.

The heading indicates what type of substudy is describ?d by the
table -- a one-year ahalysis, a longitudinal analysis or gﬁcomparison
of CAI with non-CAIl étudentS, éithér cohort controls or cqmparison-
school controlS;. The heading elso gives the grade level énd year or
years of the study, as well as the type of test(s) used as the dgpendent

¢

variable (CTBS.or CST) and thé’subject area. Each table refers to

a single subjecﬁ area (mathematics, reading or language) as the

dependent variable.

245
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The body of the table is divided into columns fop’(a) the name of

' the sub-tests, (b) the treatment group, (c) the N's for the treatment
group, (d) the estiméted treatment effeéts, (e) their assqciated
t-statistics, (f) the posttest means for each treatment group,. (g) the
posttest standard deviation in each treatment grbﬁp and (h)'the residual
standard deviations from the regression analysis used to eStimate the
treatment effects, and (i) the standardized treatment effect.

The rows of the table are grouped~acéording to the subtests and
the tota; for the given tested subject area descfibed by the table.
Lach of these groups of rows consists of a single row for e#ch expéri—
mentaligrogp in the analysis.

The treatment effect for the 'control” in each analysis is zero

by definition and this is indicated by a dash (~) in Table 4-2 for

RL students. The treatment effects for the experimental conditions

can be interpreted as mean numbers of correct items. The MM group

Fl

on Subtest A answered 9.29 more questions cqrrectlyQ-on the average--
than did RL students, adjusting for_covariates. The degrees of

freedom for the t-statistic are thersame for each subtest of the CST

or CTBS and are given in the heading. The "rgsidual'S.D." is defined

as the squa;e root of the error mea; square from the regression analysis.
The standardized treatment effecf in the last column is the treatment
efféét divided by the residual standard deviation and can be interpreted
as a treatment effect in terms of standard deviations. Interpretation
of the standardized treatment effect derives from norms for the rate

of achievement grdwth per month of typical schooling. At most elementary

school grades the‘difference between the average student at the beginning
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vand end of the same grade ié about.1.00 standard dgviatioﬁsm One montb’ﬂ.
,”in”achoolhaccounts_;nAthe_averageiforxa,growﬁh.ofnpﬁlo SFaﬁﬁaF@,m,“,QTHA
deviation units. 1In Tablev4-2, the tréatment effect for the MM group

on Subtest A when divided by the residual S.D. indicates that MM étudeﬁts'

adjusted mean scores are about one standard deviation higher than

justed mean scores for RL students. (9.29/9.38 = ,99) This metric~-
thé standardized treatment effect--is used .whenever treatment effecté

are to be averaged across studies. : ¥

2O
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Table 4-2
One;Year Aﬁalysig for CRADE = 4 ' YEAR = 1,
Posttest = CST AND CTBS Subject = MATHEMATICS.
Treatment effeéﬁs and posttcst-means‘by treatment group,

Schools = l<b.,

Trgatment - Treatment, (t) Zpsttést Residual Standardized
Group N Effect /| . 158df. X T.E.

e e e

MM 52 35. 94 ‘ 0.99
66 . . 29.76
RL 57 - 27.35

MM 2 J 23.92
MRL . Ty 20.29
RL 18.75

MM 59. 86 16.12
MRL . 50.04  23.04
RL 46,10  20.41

Treatment Treatment - Posttest Residual Stanéardized
‘CTBS Group Effect X - SD SD T.E.

COMPUTATION -0.11 35.57 11.18 8.14 -0.01
’ -2.19 33.16 11.11 =0.27
= 35.71 10.57

CONCEPTS 15.90 6,47
. 15.94 5.48
17.44 5.53

APPLICATIONS © o 13.33
12.79
15.09

64.60 22.16
61.90 20.82
68.24 20.64
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‘The roles of the CSTs and the CTBS, when used as dependent variables

in our analyses, are viewed by us as somewhatrdiffefent. The subtests

1n%§9ch sets of tests are relevaﬁt and reasonablz instrdmenisvfar measuring
student performance in their respective areas. However, because the CSTs
were construqtedwdel;be;q;gly’fgopAthe items in the CCC curriculums, Fheir
main role in our analyses i to measure the extent to which each of the

CAI curriculums altered the students' performance on the material used in

each CAI curriculum. In other words, the CSTs are éurriculum spe:ific
and are a%med at measuring whefher or not each CAI curriculum was successful
in improving the performance of the students on the material in which it
was drilling them. ‘
The CTBS, on the other hand, is the standardized test used by the
LAUSD for measufing student progress from all types of sghooling
experiehge -- not merely CAI experience. It is a measure that is not
directly tied to the CCC c;rriculum. Student improvemént on the CTBS
that is due to'expOSure to é CAI condition in our experiment can be used

tn estimate the‘effeét of these CAI curriculums on standardized test

scores more generally.

o




Chapter III

ONE-YEAR EXPERIMENTAL STUDIES -

-~ --In-this section of the report we examine the-effectiveness of the
CAIl curriculums. For each of the one-yeaf studies in the research
deéign, we will summarize the result by grade leﬁel. Furthermore, in
this chapter we will examine only the within—CAI experimental comparisons.
When we restricted intervention to within-CAl comparisons, then most >
students in the several samples'had about the same length ;f axposure per
year to at least -one CAI curriculum. In Table 4-3 ;ll the one~year
stﬁdies are tabulated, and the CAI exposure conditions summarized. Some
one—~year studies wére designed to measure the one~year effect of CAI and
some were a part of a longitudinal study which_was designed to assess the-
long-term effect of CAI exposure. ' : >
All the students in the study, regardless of which of the six

schools they were in and whether or not they were exposed to one or
more CAI chrriculum, took a pretest of either the ITBS or CTBS (depending
_on the grade level) and, after the first year, a curriculum-specific test
(CST) before the onset of the CAI each fall. They were also administered
both the CTBS and the CSf.posttests in the spring. Other;infdrmation
such as sex and ethniéity for each studént was also obtained. The
informatibn collected in the study is gummarized in Part 2 of this report
together with a description of the overall design of the study.

. The basic regression analysis usedito estimate treatment effects is |, R

- ’

similar for all the one-year studies. It is described in Part 4, Chapter . ¢

3
)

II. The purpose of the regression analysis is to estimate the CAI treatment

effects relative to a -particular control group after adjusting for all
’ S
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Table’,lo-s

1

CAI Treatment Over 4 Years

(NOTE: M = Mathematics CAI, R = Reading CAI, L = Language QAI, C = Reading for Comprehension CAl)
Grade 1 Grade 2 Grade 3 Grade 4 ' Grade 5 Grade 6
—_—
Year Random wit_hin Clasa Random within Class Random within Class
19% -M: 7 minutea . MM: 20 minutes daily MM: 20 minutea daily
daily vs. . vs.
ve. RL: 20 minutes daily * RR: 20 minutea daily
MM: 14 minutes vs. vs. :
. " daily MR/L: 20 minutes daily] LL: 20 minutes daily
b N vs.
RL: 20 minutea daily
Year RAndqn by Class Random within Class - " RAndoﬁ within Clasa
2 M: 7 minutea ML: 20 minutea daily MM: 20 minutes daily
' . 1978
. daily . vs. va. .
vs. MM: 20 minutes daily RL: 20 minutes daily
No CAX ' vs.
° MR/L: 20 minutea daily
Year Random by Class Random within Class Random within Claaa
3 M: 10 minutea s RL: 20 minutes MM: 20 winutes daily
1979 daily vs., o va. .
vs. MM: 20 minutes ) RL: 20 minutea daily
No CAIL : vs.
Random by Clasa N MR/L: 20 minutes daily
T. & Th. vs. M/W/F * .
Year ) RAnJom within Clasa Random within Class Random within Class
4 M: 10 minutes daily M: 10 minutes daily RL: 20 minutes daily .
1980 V8. © 1 va. ’ . ve
. 2 ‘ L: 10 minutes daily R: 10 minutes daily MM: 20 minutes diily
* vs. R
' . L: 10 minutes daily
! 2 1 K1 ' va.
- C: 10 minutes daily
Q . RV . ’
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‘the pretests and demographic differences. The choice of specific control
groups depends on the particular dependent variable being examined. As

1

we indicated in part 4, section II, our gene.al rule was to use as the

”'chtrol the CAI treatment with the least exposure to the curriculum
teeted by the given variable. : | ‘ (. R

.For each of the six gr;de ievels, we will first snmmarize the

~ studies and the CAI curriculuns compared over the four years. Even
though the original research plan called for complete randomization
wherever possible, sene deviation from complete randomization did occur.
for numerous reasons. For'thislreeson we feel it»is very important that
covariance adjusted treatment effects be the basic measure of effectire-
ness used in the study. bepending on the grade level and class structure,
some restrictions on the level of ranaomizetion were impiemented. ‘We will
briefly describe the erperimental designs along with the regression

#analyses used for these desiéns for -each one-year study for a given

.grade level. . Diseussiqps of the results are followed by tabies eummarizing
all the treatment effects from the regreesion analyses, as well as the

-

posttest means by treatment group.

The Grade 1 Study

The Design of the Experiment in Grade 1, Year 2

In the first grade the only arailable CCC CAI curriculum is mathematics.
Primarily because of this, the assignment to CAI mathematics curricnlun in
grade 1, year 2 was on a classroom-by-elassroom basis. Thus an entire class-

. «room of first graders either went to the CAI room for 10 minutes a day or




~28~

rever went there.  Thé assignment,of classrooms to CAI was doné randomly.
Thus, the randomization is within the school but not withiﬁ'eﬁch classroom.
The-ra;dom assignment also restricted pairs of classroomé in the same
school, if possible, to achiéve balance between treatment.b Becaﬁée the
CAlL aséignment was not completely random by sfudeﬁts, classroom differences
.are not controlled for CAI treatment effect as they are in most of the s
othef.one year étudieé where assignmept:could be randomized within
class. , ‘ -

Reéression Analyses were run using all students wbo had both Pretest and
postteét data. The covariates were CST math subscores and CTBS math faw

scores. Indicator variables for séx,bethnicity, and school were also used to

adjust the CAI treatment effect.

.ResultS'for Grade 1, Year 2
Table 4-4 gives the results for grade 1, year 2 for CST and CTBS
mathematics scores. The treatment effecf for the CST mathematics total
is statistically significant. Students with mathematics CAI answered 16
more questions: correctly, on the average, than did students without CAI.
The two parts of the CST ;;nfri;%tgd about equally to the total treatment
effect. For CTBS mathématics scores, the treatment!effect for mathematiés
" total is positive but not significant for the students with CAIf Both
subtest scores are also posiéive, but only-tﬁe concep:é and"applicaéiéné

subtest achieved statistical significance.

o

)
~a
<
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Table 4-4
One-Year .Analysis for GRADE = 1 YEAR = 2,
Posttest= CST AND CTBS  Subject = MATHEMATICS.

. Treatment effects and posttest means by treatment group,
~ Schools = 1-4, ‘

[

: Treatment . Treatment (t) Posttest - Reéidual: Standardizeé
CST Group . N Effect 119df X SD SD T.E.
Lol --_IL_,Q
BART A" . M 49 '8.50 . 6.34 30,14 9.71 7.13 1.19
- 0 74 - 0 23.39 13,20 -
PART B M 49 7.94 4,95  25.47 11,10 . 8.54 0.93
& 0 -7{‘ - ) : 18093 . 13017 —
MATH M 49 16.44 6.18 55.61 19,18 14,15 1.16
TOTAL 0 74 - 42.32  25.77 ' -
R Treatment " Treatment (t) ’ fpsttest Residual Standardized
CTBS Group N Effect 119df X SD SD : T.E.
COMPUTATION M 52 0.72 _ 0.64 16.19  8.19  6.22 0.12
R ’ 0 . 78 C - ' ’ ’ 15099 8002 . -
 CONCEPTS AND M 52 1.32 2.06 14.23  4.08  3.54  0.37
APPLICATIONS © 78 - 13.50 5.53 -
MATH Mo 52 3.04  1.39 30,42 11,08 813 0,25

TOTAL . ;0 8 - ©29.49 12,31 , =

o
RN
Yo
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The Grade 2 Studies

For grade 2, the only curriculum available was mathematics as in

grade 1. Tﬁo differen; studies were conducted in years 1 and 3 to prdvide

within=CAI comparisons. The situation for grade 2 across the fouiayears of

the study is sumhariied as follows:

Year 1 Year 2 - Year 3 Year 4
"CAI: Cohort CAI:M (F vs. V) -

- Grade 2 MM, ‘M Controls and Controls -
Cogparisons Comparisons Comparisons -

The Desigg;gnd‘Analyses of the Two Grade 2 Studies

The two levels of treatment which were assigﬁéd at grade 2 in year 1
were one session of mathematics every dayv(M) and two seésions of mathema-
tics every day (MM). Second graders were randomly assigned tg the
treatment conditions within classrooms in the first year of the\study.
Studengg in mixed classes (either 1-2 or 2-3) were assigned to MM for the
con&eniénce éflthe teachers. This design was chosen to measure the
effects of diffe;ent amounts~o% exposure to the CAI mathematics curriculum
for grade 2 students. The within-classroom randomiiation to differenﬁ
amounts of ;hé‘saye CAI curriculum was difficult to imﬁlementffor various
practical reasons. |

The longer period of CAI time for the MM group gave teachers an
opportunity to work with ftudents remaining in the classroom; the shorter
period of time for the M group did not. These treatment conditions were

not received well by  teachers and were not repeated again in the study

after year l. e



In yeér 3, the choice of curriculum in grade 2 was againkrestricted
to ﬁath, but’insteadbof random assignment within classroom, students Qere
assigned ranQomly By classroom as they ﬂad been:in grade 1. In addition,
within each classrodm assigned to receive mathématics CAI, the students
‘were randomly divided into those to receive.the “fixed” stfﬁnds method of
delivery of the curriculum or the “variable” strands method of delivery.
In alf’other instances in the study, mathematics variable strands

were used. In variable strands questions from each of the available
strands are delivered to studénts_in variable order. In fixed strands,
one can amend the usual procedure and concentfate onvone specific strand—-
e.g., vertical addition——and reéeivé 10 minutes of drill and practice in
that strand only. Students assigned to fixed strands received fixed
strands fof only part of their CAI lab time, usually Tuesdgys and Thursdays,
while receiQing variable strands during the rest of their lab time. |
Teachers wére permitted to select the fixed-mathematics assignmepts for
their .students. When teaehers did not wish to make the selection, CAI

coordinators did so, usually by assigning fixed strands in whichever of

the various strands the student's placement was lowest.

P

) N
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* Results for Grade 2

Year l. In the first year of the.study the -CAI labs were opened in
Februafy; The CSTs were adminiséered in June after 3-1/2 months of CAI,
but tﬁe CTBSs were adminis;ared in April after only 6~8 wéeks of CAI.

Table 4=5 gives the results for the CST and CTBS mathematics scores.
The treatment effects for the tgta; CST and the part scores are not

4statistically significant. Students who received 2 sessions of CAI in

the second grade did only marginally better than students taking one

session.,
* For the CIBS mathematics scores, the treatment effect for the

’

mathematics total is statistically significant as are the treatment 1
effects for both computation and concepts and applications. Students who
received two sessions of math for the 6-8 weeks prior to CTBS testing

performed better than students receiving one session.

H

»
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Table 4-~5
" One-Year Analysis for GRADE = 2 YEAR =1,
Posttest= CST AND CTBS Subject = MATHEMATICS. /
Treatmeht»effecﬁs and posttest means by treatment group,
Schools = 1-4, ’
Treatment Treatment  (t) Posttest ‘; Residual Standardized
CST Group N Effect = 197df. X SD! SD T.E.
_— - ’
PART A MM 155 0.49 0.34  34.87  12.23 | 0.06
PART B MM 155 0.68 - 0.48 22.14 12,81 0.08
i M 65 - 23.74 13.13 8.06 -
MATH MM ‘ 155 1.17 0.47 57.01 23.69 . - 0.08
TOTAL M 65 ‘- : 57.72 24,91 14,32 -
Treatment ! Treatment (t) Epsttest' Residual Standardized
CTBS Group N . Effect 207df . X SD SD T.E.
COMPUTATION MM 164 1.55 2,07 15,24 6.91 - 0.35
. M 66 . - 15011 6096 4046 -
CONCEPTS AND MM 164 l.14 1.98 1§.20 5.23 0.33
APPLICATIONS M 66 - 14,76 5.36 3.43 -
MATH MM 164 2.69 2,38 30.44 11.36°
TOTAL M 66 - 29.87 11.65
4’) {“‘\




"Year 3. We-shall first look at the results of a comparison of

CAI students with students who did not receive CAI. Table 4~6 shows the
;esults for the CST and CTBSvmathematics scores. Tregtment effects for
the CST total score and fhe part scores are ;ll statistically significant.
Students with CAI ansvered 12 more questions correctly on the average

than did students witheut CAI. Expressed in proportions of the residual

standard deviation, the adjusted mean for the CST mathematics total for

.CAI students is .79 of a stgndard deviation above the adjgsted mean of

non=CAI students.
For the CTBS mathematics scorés, the treatment effects for the total

and the subtests are all statistically significant. The CAI students

correctly answered 2.55 more computation questions and 1.08 more application

questions than did students without CAI. Expressed in a proportion of

the residual standard deviation, the adjustéd mean for CTBS mathematics

computation for CAI students is .51 of a standard deviation above the

adjusted mean of non=CAI students.



Table 4-6

One-Year Analysis for GRADE ='2  YEAR = 3.
Posttest = CST AND CTBS Subject = MATHEMATICS.

Treatment effects and posttest means by treatment group,
Schools = 1-4.

Treatment Treatment (t). Posttest Residudal Standardized
CST Group N Effect 189df. X SD SD T.E.
PART A M 100 5.72 bbb 39,07 9,91 8,75 . 0.65
. 0 99 - 31.39 12.48 -
PART B Mo 100 6.37 5.21 27.29  12.88  8.30 0.77
0 99 - 18.14 11.42 -
MATH M 100 12.08 5.35 66.36  21.36 15,34 0.79
TOTAL 0 99 - 49.54 22,72 - N
) Treatment Treatment®  (t) Posttest, Residual gpandardized
CTBS Group N Effect 196 df. X SD SD T.E.
COMPUTATION M 104 2.55 3.37 18,31 6.29  5.03 0.51
0 102 - 14,26 6.90 -
CONCEPTS AND M 104 1.08 - 2.10 16.29 ‘4,78 3.43 0.31
APPLICATIONS 0 102 - 13.71 5.38 : -
MATH M 104 3.62 3.41 34.60 10.11 7.08 0.51
TOTAL 0 102 - 27.96  11.20 -
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Students in second—grade classrooms assigned to CAI in Year 3
were randomly assigned to receive--or not receive==part of their instruc-
;ion.in the fiiedfstrands mode. Ordinarily students receiVing mathematics
CAI took it in the variable mode; i.e., questions from all aVai%able
components df the mathematics curriéulum éppeared in random sequence. A
question on geasureﬁent might be followed by one on vertical additionu
followed by one on horizontai subtraction. In the fixed-strand modé,
students were assigned for éart of their CAI time to a specific st;andf-
e.g., horizontal addition selected by the teacher.

Table 4=7 shows the results for the CST and CTBS mathema;ics sco}eﬁ.

None of the treatment effects is statistically significant, although there

appears to be a trend favoring students who took part of their instruction

in fixed strands.




o -3

/ ~
| o Table 4-7 g
. One-Year Analysis for GRADE = 2 YEAR = 3. //‘ h 5
- Posttest = CST AND CTBS ‘Sub ject = MATHEMATICS.
f'Treatment effects and posttest means by treatment group,
| Schools = 1-4. ' .
o Treatment Treatment (t) " Posttest Residual Standardized
CST| . Group N Effect 90df. X SD SD . T.E.
/ .
;f . .
PART A = M-VARIABLE 52 -2.80 -1.62 38.00 11.25 8.00 -0.35
M-FIXED 48 - 40,23 8.05 -
PN&T B M-VARIABLE 52 0.11 0.07 28.14 13.59 8.01 -0.01
| M-FIXED - 26.38  11.99 .
MLTH © M~-VARIABLE 52 -2.69 -0,.91 66.14 23.32 14.37 - -0.19
TOTAL . M~FIXED 48 - 66.61  19.00 -
|
|
|
! ! . S ?
| . . Treatment Treatment (t) Posttest Residual Standardized
CTBS ' Group - N Effect 94df X SD SD T.E.
COMPUTATION M~-VARIABLE 55 -0.37 -0.39 - 17.91 6.88 4,56 -0.08
CONCEPTS AND M-VARIABLE 55 -0.91 -1.44 15.73 4.89 3.03 -0.30
APPLICATION M~-FIXED 49 - 16.92 4.58 -
MATH M-VARIABLE 55 -1.27 -0.95 33.64 10,68 6.45 -0.20
TOTAL M-FIXED 49 - 35,67 9.30 -
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Summary of Grade 2 Data

k1 \

- In only one case were CAIL sth&ents compared with non=CAI students in
grade 2. In year 3, seéond-grade'students_who received mathematics CAI
performed significantly better than students without CAI. ’

, v /
When students were assigned to one or two sessions of mathematics

CAI, those with two séssions performed significantly better on the CTBS

mathematics subtests than those assigned to one session. ’
Where students were assigned fixed strands for part of their CAI
lab time, no statistically significant differences in treatment effects

occur, although the trend seems to favor the fixed-strand group.
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The Grade 3 Studies

The third-grade studies and curriculums compared are summarized as

follows:
Year 1 Year 2 - Year 3 Year 4
Cohort CAI: Cohort | .CAI:
Grade 3 Controls MM, ML Controls M, L
Comparisons Comparisons Comparisons -

For grade 3, CAI curriculums were admin;stered in year 2 and year 4,

3

The other two years provided the cohort céntrols and comparison school

controls which are discussed later in/ﬁhe report.

The Design of the Experlment in Grade 3, Year 2 and Year &
In the third‘grade,rtwo CAI curriculums were available‘-matﬁematics

‘and language. - In year 2, students w;re randomly assigned within classrooms

either to 20 minutes of mathematics CAI a day (MM) or to 10 minutes’of

mathematics and ld:min&tes of- language CAI (ML). At that time, the

language curriculum was not more extensively utilized because of the

‘uncertainties as to whether or not it could be used by students in grade

v< .
3. It ‘turned out that 10 minutes a day of CAI language curriculum could

-

be imfleménted in a satisfactory way in grade 3. With this experience,

in year 4 students were randomly assigned to 10 minutes of mathematics a
day (M) or 10 minutes of language.a day. (L)." This desién gives us direct .
comparison between"the mathematics curriculum and the language curriculum.
In both designs students were assigned to either treatment,on a student-by-
student basis rather than a ciass-by-class basis. Thus, in a typical

third—-grade CAI .class, there will be approximateiy equal numbers of

students in either condition.
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Ré;ults for Grade 3

Year 2. Table 4-8 gives the results for grade 3, year 2 for
.CST and CTBS mathematics scores. The treatment effects for the CST total

and part scores are statistically significant. Students who received 2

-

sessions of mathematics CAI daily performed significantly bettgr on the
mathematics CST than students assigned to mathematics and language CAI.
In terms gf;the residual standard deviation, the adjusted means of the MM
students are about two=thirds of a standard deviation higher than- the

ad justed means of ML students on the CST total mathematics score.

El

Only one of the CTBS subtests shows statistically sigdificant

treatment effects. Students assigned MM did sighificantly better on
mathematics computation than did studeﬁts assigned to ML. The MM students
.

are about one~third of a standard deviation better than the ML stuéents

on mathematics computation.
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Table 4-8
One-Year Analysis for GRADE = 3 . YBAR = 2.
* - - - N ) .
_ Posttest= CST AND CTBS ’ Subjec; = MATHEMATICS.
Treatment effects and posttest means by treatment group,
Schools = 1-4..‘ *
. Treatment ‘VTreatment (t) Posttest Residual Standardized.
- CST < Group - N - Effect 173df. X SD . SD . 'T.E,
PART A MM 111 4,56 3.15 44.22 . 11.74 . 9.20 0.50
DI ML 80 - 39,80 14,31 .
PART B ' 5,60  4.69 - 34.94 12.33  7.60 0.74
A . - ML 80 - 29.21 13.70 -
MATH M 111 10,16 429  79.15 22,91  15.07 0.67
TOTAL oM go. - © 69.01 26,73 _ -
B | . N |
. Treatment Treatment. () . Posttest Residual Standardized
CTIBS ’ Group . N Effect’ 186df. X SD SD T.E.
=== - . k W ‘ .
_ COMPUTATION MM 113~ 2.80 -  2.44 . 30.50 11.16 | 0.38
MIJ ) 91 - ’ 28.01 11.63 7.“44 - -
CONCEPTS MM 113 ~0.14 - =0.22 12,79 6.47 - . -0.03
| M. . 91 - 12.91  6.51 4,04 -
APPLICATIONS MM 113 ©0.15  0.23  °10.82  6.34 0.04
‘ ‘ . ML <91 o ) ' ‘ : 11,09 6.52 4.17 -
MATH . MM 113 2.81°  1.47 54,11 21.51 0.23
TOTAL ° M 91 - 52.01  22.89 12.35 -
) N '
° ,
o 2.\7. ) 1
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Table 4-9
One-Year Analysis for GRADE = 3 YEAR = 2,
Posttest= CST Subject = READING AND LANGUAGE..

Treatment effects and posttest means by treatment group,
Schools = 1-4, -

. Treatment . _ Treatment ;(t) Posttest Residual Standardized
Subtest s _ Group N Effect  175df X SD SD - I.E.
READING MM 115 - 36.65  15.40  10.65 -

ML 78 -1.64 .. 0.98 36.83  15.31 =0.15
LANGUAGE MM 115 - 3L51 13,73 . 8,70 . -

ML 78 3.96 2.90 37.09  13.21. b 0.46
TOTAL MM 115 - - 68.16 27.37 17.35 -

ML 78 232 0.85 73.92  26.99 " 0.13

Tables 4-9 and 4-10 present the reading and language results for
the CST and CTBS tests. The CST results reported in Table 4-9 are based

on a réading test and a language test.. It was not expected a priori that

¢

ML students would perform better“on'the reading portionuof fhe_CST, but’

< A

their performance on the language portion of the test was expected to be
better. Although the results for reading are not significant, the

results for languége are statistically significant. Students assigned

'to.ML‘answered, on the average, four more questions correctly than MM .

students. The adjusted mean score for ML students on the language CST

is .46 of a standard deviation higher than, the adjusted mean score for

MM .students. .

.'For the CIBS data, none of the treatment effects is statistically

significant.




‘ Posttest = CTBS
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Table 4-10

One-Year Analysis for GRADE = 3 ‘YEAR = 2,
Subject =
Treatment effects and posttest means
Schools = 1-4.

Treatment

CTBS Treatment (t)
READING Group N Effect 1804f.
VOCABULARY MM 111 -

ML 89 -00 59 -lo 02
COMPREHENSION MM 111 - B

ML 89 -1056 -lo 89
READING MM 111 -
TOTAL ML -89 ~2.15 -1.79
CTBS Treatment Tfeatment ()
LANGUAGE Group N Effect 179d4f
SPELLING MM 111 -

ML 88 -0.75 -0.77
MECHANICS MM 111 -

ML 88 0.26 0.66
EXPRESSION MM 111 -

ML 88 0.02 0.04
LANGUAGE MM 111 . -

ML 88 -0:46  =0.34

TOTAL

READING AND LANGUAGE.

by treatment group,

Posttest Residual Standardized
X SD SD . T.E.
16.65 8.81 3.75 -
16,36 8.97 0.16
18.28  10.22.  5.35 _
17.20  11.26 ~0.29
34.94 18.48  7.77 _
33.56 19.60. ~0.28
Posttest Residual Standardized
X SD SD T.E. .
25.51 8.35 - \\
25.02 8.47 6.28 -0.12
8. 56 4440 -
9.28 4,68 2.58 0.10
13,54 7.35 _ -
13.77 7.45 3.3 0.01
47.61  17.84 -
48,08 18,57 8.87 0.05
IR t\ .
kv o b \ \
S\
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Year 4. Table 4-11 presents the results for grade 3, year &
CST and CTBS mathematics tests. The treatment effeéts for the CST
total and part scores are all statistically significant. Students

assigned to mathematics CAI completed an average of 12.78 more questions

t

correctly than students assigned to language CAI. The ad justed mean

score for the M group is .82 of a standard deviation higher than the

ad justed mean score for the L group.

£y

Nane of the CTBS tests demonstrateAsignificant treatment effects.
Results of the CTBS computation test, with a treatment effect of 2.09

items, aﬁproaches significance.
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Table 4-11
One-Year Analysis for GRADE = 3 YEAR = 4.
Posttest= CST AND CTBS . 'Subject = MATHEMATICS.

Treatment effects and posttest means by treatment group,
Schools = 1-4. :

2

Treatment . Treatment  (t) Posttest  Restdual Standardized §

CST - Group N _Effect 1884 £ X SD. SD -~ T.E. LI
PART A Mo 124 6.97 5.04 42,39 11,71  8.89 °  0.78
L 82 - ©37.83 14.77 -
PART B M 124. 5.80 4,45 29.50  13.54  8.40 0.69
L - 82 - 26.97 .~ 13.15 -y
MATH M 124 12,78 ©5.30 71.89 24,05 15.52 0.82
TOTAL L 82 - 64.80  26.85 -
Treatment ) Treatment (t) Fosttest | Reéidhal Standardized
CTBS Group N - Effect 148¢f X 8D . SD T.E.
COMPUTATION M - 90 2.09 1.80 30,09  11.39°  6.95 0.30
L 77 - 28,22 1131 -
CONCEPTS oM 90  =0.67 . -1.23  13.6l 5.76  3.28 | -0.20
© 77 - 14.34 5.97 -
APPLICATIONS M 90 0.06 0.10 11.55  5.98  3.86 0.02
. L 77 - O 11.44 6.31 ° -
. * i
- MATH - M 90 1.47 0.81  55.25  21.19 10.91 0.13
TOTAL L. 77 - 54,00  21.65 - -
O
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Tables 4=12 and 4-13 present the reading ahd lapguage results forl
' . & :
grade 3, year 4. Results for the reading and language CST scores look
similar to those reported for grade 3, year 2. No significant effect
¢ appears for the reading portion.of the CST, bd; a statistically significant

effect shows up for fhe language portion. The adjusted"mean for the
languége"students is .41 of a standard deviation higher than the adjusted
mean for studen;s in the mathematics CAI curriculum. |

For the CTBS geading and language scoreé (Table 4-13), statisti-
cally significant treatment effects are found for vocabulary, reading

o ~ _

total, spelling and language total. For those four test scores the

ad justed means for lahguagé CA® students are one=third to one-half of a

standard deviation higher than the adjusﬁéd'meads for mathematics CAI

students.
‘Table 4=-12 . .
One-Year Analysis for GRADE = 3 YEAR = 4,
Posttest= CST - Subject = READING AND LANGUAGE.

Treatment effects and posttest means by treatment group,
Schools = 1-4.

Treatment Treatment  (t) Posttest Residual gStandardized
Subtest’ Group N Effect 156d £ X SD SD T.E.
READING M 93 - ' 40.40 15.69 11.90 .
L 82 1.80 . 0.95 44,56 14. 44 0.15
: L 82 . 3.90 2.61 42.86 12.68 0.41
TOTAL M 93 Co- 77.81 27.06 19.70 -
’ L 82 5.70 1.82. 87.39 . 25.87 0.30
s 4\ _
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Table 4~13

One-Year Analysis for GRADE = 3 YEAR = 4,

Posttest= CTBS Subject = READING AND LANGUAGE.

Treatment effects and posttest means by trestment group,
Schools = 1-4. ‘

CTBS Treatment Treatment (t) Posttest " Residual Standardized
READING Group Effect 155d4f X SD SD T.E.

VOCABULARY : ~ 16.99 8.43 4.81
20.15 8.91

COMPREHENSION 18.35
21,57
35.34
41.72

CTBS Treatment Treatment Posttest  Standardized
LANGUAGE Group Effect X ; T.E.

SPELLING -25.34
) 29.76

LANGUAGE 9.35. -
MECHANICS . 10.94

LANGUAGE 3 , 14.54
EXPRESS ION - 16.18

LANGUAGE . ' 49,24
TOTAL 56. 88




Summary of the Grade 3 Data =

" Overall, students in grade 3 who received mathematics CAI performed
significéntly better on mathematics CSTs and on CTBS computation subtests
than students ;eceiviné language. Conversely, tﬁose students assigned to
the language CAI curriculum performed significantly better on the language °
portion of the CST. The CTBS language results differ from year 2 to
year 4. In year 2 the treatment effects for the spelling subtest and
language total are both negative; in year 4 they are both posifive and

o

both statistically significant.

2 ‘/‘.\‘ ’7'
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The Grade 4 Studies

The one-year studies for grade 4 and curriculums compafed are sum-

marized as follows:

Year 1 Year 2 Year 3 Year 4

CAIl: Cohort CAI: CAIL:
Grade 4 MM, MRL, RL Controls MM, RL M,R,L,C

Comparisons Comparisons Comparisons -

Because two longitudinal studies'span fourth grade and a special study

occurred in year 4, we have three studies of CAI for grade 4.

The Design and Analyses for Grade 4

In year 1, all fourth—grade students were given two 1l0-minute
sessions on the computer with three different combinations. The three
CAI curriculum combinations are MM (two sessions of math) RL (one
session of reading and one session of language), and MR/L (one session of
math followed by one session of reading or language alternatively).
Students were randomly assigned to one of the three treatment curricuiums.
Comparisons across treatments represent the randomize; part of the research
design. There are three levels of math treatments: students in MM are
the high mathlgroup; students in MRL are the low math group; and students
in RL are the zero math group. Similarly, there are three levels of the

R and L curriculums with RL representing the high group, MRL the low,

and MM the zero condition.
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We made the assumption (based on a lack of evidence) that the’
'Reading and Language CAIL curfi;ulums were not mutually exclusiQe, i.e.,
they covered much.of the same material in a similar format. Thefefore,
equal time was given to math skills and verbal skills.
The design gave us a randomized‘compariscn among three levels of
math and verbal curriculum. |
In year 3, the students could be classified into two groups according
to their experiénce with CAI. Because of the LAUSD desegregation plan,
there were six classrooms of students in grade 4 at School l. Most of
these students were new to CAI. The grade 4 .students in the other three
CAI schools had been in ﬁhe CAI program for gwo previous years. The two
curriculums available were MM, which represented_two sessions of 10
.minutes of math, and RL, which represented one session of reading and one
session of language. Within each classroom, students who were new to CAI
were randomly assigned to eithér MM or RL. Students who were previously
in CAI would receive the same curriculum as they received.in year 2.
This was a section of the grade 2 to grade 5 longitudinal study. Because
the small CAI lab at School 1 could not cope with that many students--—
about 150--on a daily basis, the grade 4 classrooms were assigned
randomly to the CAI lab either on Monday, Wednesday and Friday (MWF), or
Tuesday aﬁd Thursday (T/Th). Students in the MWF group were to haQe
twenty more minutes CAI than those in T/Th group weekly.
In year 4, the one-year study for grade 4 was'designed to determine
the separate‘contributions of four CAI curriculums: mathematics (M), language

2

(L), reading (R), and a new reading for comprehension (C) curriculum. In

"

Q B ‘ 24\‘

i)
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School 1, approximately 150 fourth—grade studenfs were randomly assigned
to M, Ror C. In thé other CAI schools fourth’gfade students were
randoﬁly assigned to M,R, or L. All students were new to CAI and went to
the CAI lab fqr 10 minutes of CAI daily from mid-October to the end of May.
This was thé first time fourth-grade students received CAI on a daily
basis over the whole academic year. This study was desigﬁed to measure
specifically the one-year treatment effect. Students in Schoolll took
mathematics, rggding, and comprehension CST posttests while students iﬁ
other CAI schoois had mathematics, reading and language CSTvposttests.

Results appear on the following pages.

. ‘
2 . : ;.‘3,1 ol
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Results for Grade 4

-

'Year l. Table 4-14 presents ‘the mathematics results for fourth
graders in year 1. For khe CST data, £he'tre5tment effects for the MM
group are all statistically signlficant and fpr the MRL group are all
positive but not significant.' The MM group is .9 of a standard deviation
higher than the RL group on the CST ma;hematics total., For the CTBS
data, all the treatment effects aré negative, and those for t?e MRL group
in computatioﬁ and mathematics total are st;tistic;lly signi}icant.

Table 4-15 presents the reading results. >For the CST reading
total, the treatment effect for the RL group is statisti;ally significant.
The RL group is .47 ofﬂa standard devi;tion above the MM group on the CST
reading total. For the CIBS data, there are statistically significant
treatment effedts for the RL group in reading voéabu}ary and reading
total, with the performance of the RL group more than dné-third of
a standard deviation above that of the MM group.

| Tabie 4-16 presents the language results for grade 4, year 1. For
the CST language total, the treatﬁent effects for both the RL and MRL
groups are statistically significant, with the.performance of the RL group
more tﬁan a s;éndard devi;tion above ‘that of ;he MM group. For the CTBS
data, statistically significant treagment effects are fohnd'far the RL

group in spelling and language total.
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Table 4=14 ' o ' .
One-Year Analysis for GRADE = 4 YEAR = 1.
Posttest = CST AND CTBS Subject = MATHEMATICS.
'Treatmentf effects and posttest meahs by treatment group,
Schools = 1-6. ‘
Treatment Treatment (t )*wﬁ Posttest Reé‘idual Standardized
CST Group N Effect 158df. X SD SD T.E.
PART A MM 52 9.29 4.98 35.94 14.65 9.38 0.99
MRL 66 3.06 1.73 29.76 10.33 0.33
RL 57 - 27.35 11.79 -
PART B MM 52 5.23  3.25 23.92 12.39 8.08 0.65
TTUUMRLT 66 2,19 771,44 20.29 10.33 0.27
RL 57 - 18.75 9,80 -
TOTAL MRL 66 5.25 1.73 50.04 23.04 0.33
RL 57 - 46.10 20.41 -
Tieatm%nt Treatment () Posttest Residual S‘tandard;zed
CTBS Group N Effect 180df X SD SD T.E.
COMPUTATION MM 63 -0.11  =-0.07 35,57  11.18  8.14 -0.01
MRL 67 -2.19 -1.48 33.16 11.11 -0.27
RL 68 - 350 71 10057 -
CONCEPTS © MM 63 -1.24  -1.81 15.90 6.47  3.73 -0.33
: MRL 67 -0095 -1040 15094 5048 -0'25
RL 68 - 17.44 5.53 - .
,.//
" APPLICATIONS MM 63 -1.00  =1.25 13,33 —7.16  4.36 -0.23
MRL 67 -1.35 -1.71 ... --12.79 6.60 -0.31
‘RL 68 - 15.09 6.29 -
MATH MM 63 =2.34 -1.01 6460 22.16 12.69 -0.18
RL 68 - 68.24 - 20.64 -
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Table 4-15 ' : .
One-Year Analysis for GRADE =4 YEAR = 1,
Posttest = CST AND.CTBS . Subject = READING,

Treatment effects and posttest means by treatment group,
Schools & 1=-6.

Treatment Treatment (t) Posttest ‘ Residual Standardized
CST Group N. Effect 183df X SD SD T.E.
PART A MM 61 - 45,70  13.12  8.34 .
MRL 76 1.98 1.35 47.59 9,78 , A 0.24
RL 68 4,28 2,75 51.85  5.31 . 0.51
PART B MM 61 - 30.39  13.40 7,78 -
MRL 76 -0.65  =0.48 29.62  11.84 , ©-0.08
RL 68 2.66 1.84 35,40 10,71 0.34
READING M 61 - 76.10 25,32 14.73 -
TOTAL MRL 76 1.33 0.51 77.21  20.74 . 0.09
RL 68 6.94 2.53 87.25  14.85 0.47
Treatment Treatment (t) Posttest Residual Standardized
CTBS Group N Effect 196df X SD SD T.E.
VOCABULARY MM ) - 22.35° 7 9,05 5.20 -
MRL 70 0.23 0.24- ~ 21.96 8.72 0.04
e R_L 73 1043 - 1053 24.27 9.28 0.28
COMPREHENSION MM 62 - | 25.18, 19.89 7.0l -
MRL 70 -0.28  =0,22 24.33  11.25 -4 04
RL 73 1,59 1.27 27,62 11.50 0.23
READING MM 62 - 4 47.53  19.89 10.62 -
TOTAL MRL 70 -0.05  -0.03 46.29 18,98 0.00
RL 73 3.02 1.58 . 51.89  19.42 0.28
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. Table 4-16..
One~Year Analysis:for GRADE = 4 YEAR'-’I\’, 'i . — ' ©
- Posttest = CST AND CTBS - Subject = LANGUAGE, ‘
. Treatment effects ahd,poét;gst means>by treatment group,. L
" Schools = l-4. - . : .
. ‘ . . o
o A ‘Treatment Treatment (E)‘ ‘ Epsitesﬁ Residual Standardized
- CST : Group N Effect 183df X SD _ SD T.E.
| PART A~ - MM .6l = : 39,68 .11%99.. 7.00 -
o . MRL . 76 . 2,23 1.81 41,71 10,51 0.32
| RL - 68 6,43 4,93 47.88 6.81 - 0.92
' BART ‘B MM S 34,44 12,09 7.23 -
. MRL 76. 3.05 2.40 37.05 9.94 0.42
RL- 68 7.35 5.46 . 43.81 8,55 1.02 .
‘LANGUAGE MM 61 - | 74,13 23.07 12.68 -
TOTAL * MRL 76 . - --5.28 2.37 78.76 19,21 - , C.42
& | RL . 68 13.77 5.83 - 91.96- 14,27 1.09
©  Treatment . Treatment (t) Posttest Residual Standardized
CTBS ‘Group . _ N _-Effect’  196df X _8D __ 8D T.E.
SPELLING = M~ 62 - 28.71 9.73 ‘6,71 . -
s " MRL - 70 0. 54 0.46 29.10 8.04 0.08
RAN RL C73 2,25 1.86 31.62 9,97 _ 0.34
. ‘ C ey N 2 .
'HECHANICS ‘ MM\' 62 - ’ 10,69 4,90  3.34 -
. MR . 70 -,=u.02 - =0.03 10,66 = 4.86 ‘ ~ -0.01
v RL | 73 0.69  .1.15 11.68 . 4,92 0.21
EXPRESSION w62 - 16.98 7.2 4,65 .
. MRL . 70 T-0,34  =0.41 16.36 7.54 -0.07
R RL 73 0.98 1.18 18.30 7.97 = 0.21
LANGUAGE ~ M 62 . - 56,39 19,04 11.24 - .
TOTAL" MRL - 70 0.19 0.09 56.11 18,06 . . 0.02
D - RL 73 3,92 1.9 - 61.60 20,22 v 7 0.35
% | . rf' -
. ) ‘» S ::
2 :‘,-_4 ({’ s o
|
1 - B
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Year 3. Table 4-17 presents the mathematics results for fourth

graders in Year 3. For the CST data, treatment effects for the MM group

- are all statistically significant. Performance of ‘the MM group is almost

two~thirds of a standard deviation asovevthat of the RL group on tﬁe CST
maEhematicsktotal. For the CTBS data, the oh;y statistically significant
tréatment effect i; for the MM group in mathematics computation.

Table 4-18 pre;ents the reading results. F&l the CS£ reading total

as well as -part B, treatment effects for the RL group are statistically

significant. Overall, performance of the RL group exceeds that of the MM

.group»by one—third of a standard deviation. For the CIBS data, the RL -

group again out-performed the MM group: with statistically §ignifibant
treatment effects in comprehension and reading total.

‘Table 4-19 presents the language results. For the CST data, all

‘treatment effects for the RL group are statistically significant, with the

ad justed mean for the RL group about two—thirds of a standard deviation

above that of. the MM group. For the  CTBS data, statistitally’fignificant
. & .

treatment effects for the RL group occur for language mechanics,

>

language expression and the language total, Overall, the adjusted hean-

for RL students on the CTBS language total is .28 of a standard deviation

]

higher than that of the MM students.
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Table 4-17

One-Year Analysis for GRADE = 4

Subject = MATHEMATICS..

YEAR = 3,

Treatment effects and posttest. means by treatment group,

N

. Treatment Treatment (t) Posttest Residual Standardized
.CST Group N - Effect 256df X SD ) T.E.
PART A RL 112 - 35,78  11.32. 7.80 -
MM 169 5,17 5.24 41.96 11.76 0.66
PART B RL 112 - 24,89 10,42 7.24 .
MM 169 3.24 3.54 29.19 13,45 0.45
MATH- ‘RL 112 : - 60.67 20.64 13.51 -
TOTAL MM 169 8.41 4,92 71.15 24,26 0.63
. Treatﬁent Treatment (t) ~ Posttest ‘ Residual Stahdardized
CTBS ‘ Group N Effect 252df X SD SD T.E.
~COMPUTAEION MM 169 2,28 2.15 37.74  10.30 8.26 0.28
. ' RL 107 - 36.52 9,68 -
CONCEPTS MM 169 0,23 0.45 16,95 5.95  3.94 0.06
RL 107 - 17.72 5,61 -
APPLICATIONS ' MM 169 0.41 0.78 14,64 6,78  4.17 0.10
" MATH M 169 2,92 1.73 69.34 20,22  13.14 0.22
' 69.30 .
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Table 4-18
One-Year Analysis for GRADE = 4 YEAR = 3,
Posttest= CST AND CTBS Subject = READING.

Treatment effects ard posttest means by treatment group,
Schools = 1-4,

Treatmentc =~ Treatment (t) Epsttest: Residual Standardized
CST Grouw "N . Effect = 240df X SD SD T.E.
PART A M " 161 - L 50,07 . 9.47  6.85 -
' RL 106 1.17 ﬂ£38 52,11 6.32 o 0:17 -

PART B BREY 161 - 34,76 12,45 - 7.01 -

- RL . 106 2.75 2,98 38,90 9,65 0.39
READING MM 161 . 84.83  20.42 11.61 -
TOTAL . _RL 106 3.92 2,57 191,02 ' 14.96 0.34

8 ) ’ 4 .

: . Treatment Treatment (t) Posttest Residual Standardized
CTBS : Group N Effect 245df X SD - SD T.E.
VOCABULARY MM 165 - 22,73 10.11 -

‘ RL 108 143 1.91 24,35 10,52  .5.73 0.25
COMPREHENSION MM 165 - 26.09 12.09 Z
RL 108 1.97 2,02 27.04 11.99 7.48 0.26
READING MM 165 - . 48.82 21.28 -
TOTAL RL 108 3.40 2,22 51,39 21,32 11.71 0.29

27,
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. ' Table 4-19
One-Year Analysis for GRADE = 4 YEAR = 3,
/' - . .
Posttest= CST AND CTBS Sub ject = LANGUAGE.
. 7

Treatment effects and posttest means by treatment group,
Schools = 1-4,

Treatment - ' Treatment (t) Epsttest Residual Standa:dizéa
CST - » Group N Effect 240df X --SD SD T.E.
PART A WM 161 - 43.89  9.75 . 6.08 -
RL 106 2.75 3.43 48.16 6.71 : 0.45
PART B MM 161 ’ - 37.51 10.42 6.96 . -
RL 106 4.74 5.18 - 43.33 8.18 0.68
TOTAL RL 106 7.49 4,96 7 91.49 . 13.94 ~ ' _ 0.65
Treatment Treatment (t) Posttest Residual Standardized
CTBS. Group N Effect 245df X 8D SD T.E.
SPELLING MM 165 - o 29.34 9.70 -
. RL 108 0.23 0.27 29.36 9.45 6.72 0.03
MECHANICS o 165 - 11.25 4,91 -
o RL 108 1.39 3.1%6 12.52° 4,40 3.37 0.41
EXPRESSION MM 165 - 17.90 7.48 ' - .
RL 108 1.57 2.49 19.20 . 6.62 4{83 0.33
LANGUAGE M 165 - 58.50  19.94 -
TOTAL RL 108 3.20 2.11 61.08 18.11 11.62 0.28
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Year 4. Table 4=20 presents the mathemafics-rqsults for'fourth.‘
' gfaders in year 4. For the bST data, treatment effects.for the mathematics
¢GAI students are all sEatistiCally significant and about two~thirds of a
standard deviation above the ad justed mean of students in other CAIL
curriculums. 'For the CTBS data, none of the treafment_effects is statisti-
cally significant, although the treatment effect for the grodp in computation
is qu}te strong.

féble 4-21 preéents the reading results for fourth graders in year
4, Statistically signific&nt.treatment effepts appear only.for the R
group, which received CAI reading. Although Ehe.treatment effects for the
L (iauguage) and C kreading for comprehension) grouﬁs are both strongly
positive when compared to the M group, none of them isAstatistically
significant. For the.CTBS data, all of the treatment effecfs for students
receiving rgadiné, language or reading-for-comprehension CAI are positive
but not statisEically significant. Table 4-22 shows reading fésﬁltsbfor
the reading-for-comprehensidn CST, which was developed for use iﬁ School -
1 only. Theatreatment effeét for group C is statistically significant,
and the adjusted mean for group C is .60 gf a standard deviation above
the adjusted mean for group M.

Table §'23 presents the language results for grade 4, year 4.
For the CST given only in Schools 2-4, treatment effects on the language
total are statistically significant for both'the language group and the
reading group. Adjusted means for the L and R groups are .50 and +80 of
a standard deviation above that of the group. On tPe CTBS, statistically
significant treatment effécts exist for the L grgup'in spelling, mechanics
and language total; for tﬂe R group in mechanics and language total; and

for the C group ir language expression. . All the rest of the treatmeﬁt

effects for R and’C are positive but not significant.
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Table 4=20

YEAR = 4

Subject = MATHEMATICS.

Treatment effects and posttest means by treatment group,

Schools = 1=-4,

Standardized

i3

~

Treatment Treatment (t) Posttest Residual
CST Group N Effect 294df X SD SD - .- T.E.
PART A Mo 119 4,50 5.27 40.23 . 11.88  7.13 0.63
R,L,C 202 - 37.45 11,06 -
PART B M 119 4,13 5,07 27.75 12.60 6. 81 0.61
R,L,C 202 - 25.87 11.25 : -
MATH M 119 8.62 5.75 67.97 23.65 12,54 0.69
TOTAL R,L,C 202 - 63.31  21.25 -

: Treatment Treatment  (t) Pdsttest Residual Standardized
CTBS . Group N Effect 271df X SD SD T.E.
COMPUTATION M 103 3.16 1.94 37.82 9,20 7.38 0.43

R 103 0.05 0.03 36,00 9,81 - 0.01
. L 58 0.88 0.45 . 36443 10. 63, 0.12
C 36 - 39,00 8.52
CONCEPTS M 103 0.27 0.32 17,12 5,72 4.00 0.07
) R 103 -0021 -0025 17016 5059 _0.05
L 58 -1.62 -1.54 16.02 5.82 -0.41
C 36 - 20003 3092 -
APPLICATIONS M 103 0.20 0.19 13.77 6. 93 4,91 0.04
R 103 -0.05 -0.04 1408 6.93 -0.01
L 58 -0.15 -0,12 13.74 7.03 -0.03
C 36 - 18.14 6.40 -
'MATH M 103 3.63 1.25 68.70 19.46 13,22 0.27
TOTAL R 103 -0.22 -0.08 67.25 19, 84. -0.02
L 58 -0.89 -0.,26 66.19 21,07 \ -0.07
C 36 - 77.17 17.13 : -
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Table 4-21
One-Year Analysis for GRADE = 4 YEAR = 4,
Posttest = CST AND CTBS Subject = READING.

Treatment effects and posttest means by treatment group,
Schools = 1-4,

S

~ Treatment Treatment (t) Posttest - Residual Standardized
- CST Group N Effect 267df X SD SD T.E.
PART A M 101 - 47.81 11.38 -
R ) R 101 2.97 2071 52003 6073 7.58 0.39
L 62 1.16 0.88 47.45 11.79 . 0.15
c 32 2.08 1.19 53.47 3.67 0.27
PART B’ M 101 - 31.83  12.76 -
c 32 2,90 = 1.63 40,91 9.03 0.38
READING M 101 - : 79.64 21.91 _
TOTAL R 101 6.46 3.46 " 89.16 15.96 12.91 0.50
L ¢ 62 3.23 l.44 79.76 24.25 0.25
c 32 4,98 l1.67 94,374 11.91 0.139
Treatment Treatment (t) Posttest Residuél Standardized
CTBS Group N Effect 260df X - SD SD T.E.
VOCABULARY M 96 ' - o 22.87 10.55 5.89 -
R 101 1.55 " 1.77 23.77 9,58 _ 0.26
L 60 2.11 1.95 21.22 ‘9.66 ) 0. 36
C 36 1.26 0.95 29.14 7.77 o 0.21
COMPREHENSION M 96 - 24,87 11,51 7.25 -
R 101 1.34 1.24 25.46 11.74 ‘ - 0.18
L 60 1.52 1.14 23.05 12.69 0.21
c 36 2.14 1.32 31.39 10.68 0.30
READING M . 96 - 47.74 20,74 11.18 -
TOTAL . R 101 2.89 “1.74 49.24  20.32 0.26 -
’ L 60 - 3.63 1.76 44,27  21.25 0.32
C 36 3.40 1.35 60.53 17.23 0. 30
v ( e
2 .
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Table 4-22
One-Year Analysis for GRADE = 4 YEAR = 4., —
Posttest = CST - Subject = READING.
Treatment effects and-posttest means by treatment group,
Schools = 2-4,
Treatment Treatment (t) Posttest Residual Standardized R
Subtest Group N Effect 159df X SD SD T.E. :
PART A M 63 - 46.11 12,88 T -
R 59 3.77 2,27 51.15 7.67 8.70 0.43
L 60 1.74 1.07 47,83 11.21 0.20
"PART B M 63 : - , 30.19 12,99 -
R 59 3.83 2.35 35.42 11.84 8.55 0.45
L 60 2.40 Jd.51 32.60 13.03 0.28
TOTAL M 63 - 76.30  23.30 : -
R 59 7.59 2.74 86.58  17.96 14.57 0.52
L 60" 4,14 l1.52  80.43 23.03 , 0.28
One~Year Analysis for GRADE = 4 YEAR = 4.
Posttest = CST Subject = READING FOR COMPREHENS10N.
Treatment effects and posttest means by treatment group, R
School = 1. (School = 1).
Treatment Treatment (;g . Posttest Residual Standardized
Subtest Group N Effect 92; X SD SD T.E.
READING FOR M 33 - - . 43,94 14.32 -
C 34 4,70 2,33 51.35 11.92 7.87 0.60
gD
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Table 4~23

One-Year Analysis for GRADE = 4

Posttest = CST AND CTBS

YEAR

= 4,

Subject = LANGUAGE.

Treatment effects and posttest means by treatment group,

Schools = 2-4,

Treatment Treatment (t) Posttest. Residual Standardized

CST Group N Effect 159df X SD SD T.E.

PART A ' M 63 - 38.44 13.05 -
R 59 4.89 3,31 44.42 8.79 7.71 0.63
L 60 5.45 3.80 .43,77 11.47 0.71

PART B - M 63 - 33.68 11.88 -
‘R : 59 2.31 1.47 37.52 9.38 8.26 0.28
L 60 6.14 3.99 39.13 12.95 0.74

LANGUAGE M 63 - 72.13 23.49 -
TOTAL R 59 7.17 2.61 81.95 16.97 14.41 0.50
L 60 11.59 4,31 82.90 23.78 0.80

Treatment Treatment (t) Posttest Residual Standardized

CTBS - Group ' . N Effect 260df X SD SD T.E.

SPELLING M 96 - ) 29,06 9.78 "6.06 -
R 101 1.54 1.71 29,93 9,47 0.25
L 60 2.93 2.62 29,07 8.85 0.48
C 36 1.00 0.73 32.83 8.40 0.17

. MECHANICS M 96 - 11.31 4.86 3.29 -
R 101 1.07 2.18 12,20 4,63 0.33
L 60 l.44 2.37 11.33 4,77 0.44
o 36 1.10 1.48 14.00 4.31 0.33

EXPRESSION M 96 - 29.06 9,78 4.40 -
R e 101 1.08 1.64 29.93 9.47 0.25
L 60 0.88 1.08 29.07 8.85 0.20
c 36 1.99 2.01 32.83 8.40 0.45

LANGUAGE M 96 - 58.85 20.09  10.58 -
TOTAL R 101 3.68 2,34 61,35 18.13 0.35
L 60 5.24 2.69 57.17 18.40 0.50
C 36 4,08 1.71 69.86 15.14 0.39

Qi
’ "'L)




Summary of thie Grade 4 Data

The data across 3 years of CAL are fairly consistent, with the
gxception of the matheﬁatics CTBS data in yéar 1, in which all treatment
effects are negative for MM and MRL students. The mathematics results
in grade 4, year 1 are puzzling.. Pretest scores on the ITBS Levei 94
mathematics subtests were the ﬁighest in the study. Both' subtests
contained Qord problems which+required reading as well as mathematical
ability. The scores of bilingual students were especially high. Since
the test was read to students in lower grade levels, perhapé in some
cases the mathematics pretests were read in grade 4 in year l.

Mathematics results in.years 3 and 4 are more consistent wifﬁ data
from earlier grades. Mathematics CAI students in years 3 énd 4 show
consistently positive effects witP statistically significant effects on

3

the CSTs and the computation SuPtest“of the CTBS.

The ' reading results are consistently positi&e except- for the MRL
group in year 1. The RL students in years l_and 3 and»tﬁe reading (R)
students received roughly equivalent amounts of reading CAI befor; being
tested‘on the reading CST. In all 3_years tho;e students performed
significantly better on the reading CST than did students assigned to
mathematics CAI. They also performed better on the CTBS reading subtests.
Although only one of the treatment effects on the CTBS is statistically
significant, they are consistently positive Qith test scores above
1.24, " ’ ‘ |

The language results are even stronger. All students receiving
language CAI and/or reading CAIL have‘CAI treatment effects on the language

e

CST which are positive and statistically significant. Except for- the




~-66

MRL group in year 1, all CTBS treatment effects are positive, and treatment
effects on the CTBS language totals arg_statistiéally significant.

In light of the poor performance éf MM stu&én£s in yéar 1 ;fter dgiy
2 months of CAf, the performance of the RL group in year 1 is surpriéing.l
The reading,and language curriculums déﬁonstrated their freatment effects
much more quickly than the MM group. AltPOugh the treatment effects on
the CTBS after only two months of CAI failed t§ reachgéﬁatistical signifi-

cance, they closely parallel the results of students in years 3 and 4

where the effects are often statistidally significant.




The Grade 5 Studies

The one-year studies for, grade 5 and curriculums compared are

summarized as follows:

Year 1 . Year 2 Year 3 Year 4
Cohort CAL: | Cohort CAIL:
Grade 5 Controls MM, MRL, RL Controls MM, RL
- Comparisons ‘ Cdmparisons Comparisons Comparisons

The Design and Analyses for Grade 5

In gradé 5 all three CAI curriculums were4available--math, reading,
and language. In year 2 the design for the fifth grade continued éhe

exposure conditions started in year 1 for the fourth graders. Thus there

are three conditions:

MM = two 10-minute sessions of mathematics daily, -

RL = one l0-minute session of reading and one 10-min@te
session of language daily,

MRL = one 10-minute session of mathematics followed by
one 10-minute session alternating between reading

and language.

Fifth graders who had been randomly assigned to one of these three
.~ .

conditions in year 1 retained?;heir assignments, and new fifth graders

were randomly assigned to onezof the three conditions.

In year 4, thé desigh foyithe fifth graders continued the exposure
conditions for the fourth graéhrs in year 3.  Students were randomly
assigned to either MM, two lO:minutqpsession of mathematics daily, or RL,

one l10-minute session of reading and one 10-minute session of language

daily. The MM curriculum concentrated on math skills while the RL

v

Y. .,
<)

~
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curriculum concenfrated on verbal skills. This provided a direct compari-

son of the effectiveness of each of these two types of curriculums.

Results for Grade 5 :

Year 2. Table,4-24 gives the results for the CST and CTBS mathematics

scores for fifth graders in year 2. “For the. CST data, the treatment

I3

effects for the MM students are all statistically significant, while for ,

7

the MRL students only one part=-score fails to reach significance.

Treatment effects for the MM condition are double the .treatment effects .

of the MRL condition. In terms of the residual standard deviation, MM

\u——\ n

students are .78 of a standard deviation and MRL students 38 of a'
standard deviationvabovelﬁhe q@jus;ed mean of the RL group.» Of the CTBS
subtests, oniy cqpputétion éhows q‘s;atistically significant treatment
effect for the MM group. The MRL group has a treatment effect in computa—
tion abouf half the size of the effect‘for thé MM group, but it fails to
reach significance. ‘ ’ «

Table 4=25 gives the results for the CST and CTBS reading scores for
fifth graders in year 2. None‘of,the.treatment effects in reading are
statistically’signifiéapt. 5

Table 4-26 presents the results f;r the CST and CTBS language
scores for fifth graders in year 2. For the curriculum—specific tests,
the MRL condition failed to produce ény statistically significané treatment
effects, a'lthough' th'e‘lL conditions did. , Students who received >the“RL |
treatment perf&rmed significantly better than MM students on the language
CSTs. The adjusted mean score for RL students is .74 of avsgandard
deviation above the ad jubted mean for ﬁhe'MM group. On the CTBS tests,

-

however, none of the -treatment conditions produced significant treatment

-~
>
~

effects in language suéﬁests. ;

"
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Table 4-24
One~Year Analysis for GRADE = 5 YEAR = 2.
Posttest= CST AND CTBS . Subject = MATHEMATICS.

Treatment effects and posttest means by treatment group,
Schools = 1-4.

Treatment Treatment (t) Posttest. Resﬁdual Standardized
CST Group N - Effect 163df X SD- - SD T.E.
PART A MM .6l 4.83 —.. 3,51  35.43 12,05  6.84 - 0.71
‘ » MRL 64 2.10 1.62 28.91 10.05 0.31
PART B M 61 - 3.93 3,50  31.93 9.71  5.58 0.70
MRL 64 2.18 2.06 27.28 10,04 0.39
RL 56 - _ 25,78 8.22 -
TOTAL . MRL 64 4,28 2.00  56.19  21.93 0.38
RL 56 - 53.66 17.44 -
Treatment T eatmeht (t) Epsttest Residual Standardized
CTBS Group N Effect 172df X ~ SD ' SD . T.E.
COMPUTATION MM 60 2.33 2.00 28.08|  9.26 6.24 0.37.
MRL 67 1.20 1.07 25,73 9,34 0.19
RL 63 - 25.09 9,22 -
CONCEPT MM 60 . -0007 -0.013 be 12073’ 4017 2084 -~0.02
MRL 67 | -0.78 -1,53 11.60 " 4,23 . -0.27
RL - 63 - 12,68 4.30 -
) 5 i |
APPLICATION = MM 60 | .=0.32  =0.47 10.30 5,52  3.60  =0.09
MRL 67 0.13 0.20 10.13 4,88 0.04
RL 63 - ‘ - 10.32 5.19 -
MATH .M " 60 1.95 1.10 51,12 16.56 9,47 S 0.21
TOTAL MRL 67 0.55" . 0.32 47,46 16.56 0.06

‘RL 63 - ‘ 48.09 16.26 -

Q%3




Posttest= CST AND CTBS

Treatment effects and posttest means by treatment group,

Schools = 1-4,

| Table 4-25

One~Year Analysis for/GRADE =5

YEAR = 2.

Subject = READING.

Treatment

Residual Standardized

Q&

4h.48
. |

Treatment (t) Posttest
CST Group / N Effect 150df X SD SD T.E.
PART A MM /55 - 36.87 10.48 6.85 -
MRL - 63 ~-0.32- - =0.23 35.67 11.34 -0.05
PART B MM 55 - ' 32,03 12.16  7.29 -
' MRL 63 -0.89 ~0.60 30.09 13.41 -<0.12
RL 52 1.48 0.99 37.27 11.08 0.20
TOTAL MRL 63 -1.21 -0,47 65.76 23.65 -0.10
Treatment Treatment (t) Posttest Residuai Standardized
CTBS Group N Effect 149df X SD SD T.E.
VOCABULARY MM 54 - 20,31 7.32 4,65 -
MRL 61 0.13 0.14] 19.74 8.95 0.03
RL 56 -0.16 -0.16; 21.69 8.53 -0.03
COMPREHENSION.- MM 54 - 21ﬁ83 8.54 5.26 -
MRL 61 -1.31 . -1.27l 20.28 9.99 -0.25
RL 56 -0049 -0045" 220\78 9000 "0-09
READING MM 54 - . 42,15 14,85 8.48 -
RL 56 -0.64 -0.37 16.72 -0.08




Table 4-26
One-Ygar Analysis for GRADE = 5 YEAR = 2,

Posttest= CST AND CTBS Subject = LANGUAGE.
Treatment effects and posttest means by treatmént'group,

Schools = 1=4,

Treatment \ Treatment (t) - Posttest

Standardized

-RL 56 -0.04 -0.02 - 65.46 17.17

. ‘ Residual
CST Group N Effect 150df _X_ _SD SD T.E.
PART A 55 - 39,20  10.55 6.3l _
L 63 2.14 1.66 41,32 9.35 0.34
L 52 4,38 3.39 46.36 7.83 0.69
PART B- MM 55 - 37.12 8.22 6.22 -
L 63 -0.48 -0.38 37.01 9.87 -0.08
1RL | 52 3.36 2,64 43,33 8.41 0.54
LANGUAGE Y 55 - 76.33 - 17.42  10.52 i
TOTAL MRL 63 1.66 0.77 78.33 ° 17.98 0.16
Treatment ‘ Treatment (t) Posttest Residual Standaédized
" CTBS Group N Effect 1494f X SD SD T.E.
SPELLING MM 54 - 32.80  7.31  5.05 -
MRL ) 61 -0079 -0080 32028 9021 —0.16
RL 56 1.09 1.05 36,27 . 8.54 0.22
MECHANICS = MM 54 - 10.70 3.95  2.92
MRL 61 0.48 0.84 11.05 4,86 0.16
RL 56 0.47 0.78 11.84 3.93 0.16
EXPRESSION MM 54 - o 17.74 6.63 4,17 -
MRL 61  -1.06 . =1.30 16,34 6.91 -0.25
RL 56 -1.59 -1.86 17.36 - 6.98 -0.38
LANGUAGE o 54 - 61.24  15.55  8.73 -
TOTAL MRL 61 -1.37 -0.80 59,67 18.96 -0.16
\ 0.00
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- Year 4. Table 4-27 presents the results for CST and CTBS
mathematics tests for fifth graders in year 4, For the CSTs, the treat-
ment effects for the MM group are ali statistically significant. The
ad justed mean for the CST total for the MM group is .76 of a standard
deviation above the adjusted ﬁean for the RL group. ror the CIBS data,
oni& the treatment effect for computation is statisticaily significant
and favors the MM group by half a standard deviation.

Table 4-28 presents the results for CST and CTBS reading scores

for fifth graders in year 4. Again, there are no statistically significant

treatment effects although all are positive. The reading total for the CIBS

approaches significance, with the adjusted mean score for the RL group about

one—~third of a standard deviation higher than the adjusted mean for the MM group.
Table 4-29 presents the results for CST and CTBS language tes;s for

fifth graders in year 4. For the CSTs, the treatment effects for the RL

group are all statistically significant with the performance of the RL group

about one—half a standard deviation above the performance of the MM group.

Although the treatment effects on the CSTs are positive overall for

the RL group, none of them achieves statistical significance.

Summary of the Grade 5 Data

The results for gfade 5 in years=2 and 4 are remarkably similar. In both
years most students were repeating earlier CAI assignments while new students
were randomly assigned. Although there were three treatment cond;tions in
year 2=--MM, MRL and RL=-only two of these were used in year 4: MM and RL., In
both years the MM group performed.significantly'be;ter on the CSTs and the
CTBé computation subtest. In both years the only staﬁistically significant
treatmént.effects for the RL group are on the language CSTs. Although many

reading and languagé treatment effects are positive, none but the language CST

achieves statistical significance.

<Y,




b -73-

Table 4-27
One-Year Analysis for GRADE = 5 YEAR = 4.
Posttest= CST AND CTBS Subject = MATHEMATICS.

Treatment effects and posttest means by treatment group,
Schools = 2-4,

(5]

Treatment Treatment (t) -  Posttest Residual Standardized
CST Group N,. Effect . l46df X SD. SD T.E.
PART A MM 101 4,22 3.42 36.62 - 11.35 0.60
RL 63 - 30.35 11.93 ° 7,01 -
PART B M 101 5.09 4.38 34.34 10.21 0.77 -
: RL 63 - 27,52 - 9,48 6.60 -
MATH | MM 101 9.31 4.31 70.96  20.73 0.76
TOTAL RL 63 - ' 59.87 20.57 12.27 -
Treatment Treatment () ~ Posttest Residual Standardized
CTBS Group . N Effect 1424f X SD SD T.E.
COMPUTATION MM 9% - 3.61 2.99 29.39 8.63 6.98 0.52
RL 67 - . 24,91 9.01 -
CONCEPT W % -0.32  =0.56  12.15  4.70  3.35 -0.10
- APPLICATION MM 94 ~ -0.58 . -0,91 11.03 5.65 3.66 -0.16
RL 67 - * 11.06 5.39 -
MATH MM 94 2.70 1.44 52,57 16,51 10.89 .0.25
TOTAL RL

67 ) : - ! 48.01 16078 -
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Table‘4f28

One-Year Analysis for GRADE = $ YEAR = 4,

Posttest= CST AND CTBS /Subject = READING.
A

[
!

Treatment effects and posttesq means by treatment group,

Schools = 2=4, /

f f
Standardized

Treatment . Tr#atment (t) .Epsttest Residual
CST Group N Effect 128d4f "X SD SD T.E.
j
PART A MM 87 f - 38.93  10.38 6.22 -
. RL 61 f0.98 0.85 40,06 -9.57 0.16
I4 . / " . -
PART B MM 87 |- 35.86 11.80 6.90 -
. RL 61 | 1.36 1.07 37.13  '11.51 . 0.20
!!
;f u
READING M 87 lo- 74,79 21.40 11,97 -
TOTAL ‘ RL 61 12,35 1.06 77.20  20.59 0.20
i , . .
Treatment Treatment - (t) Posttest Residual  Standardized
CTBS Group N Effect  138df X ) SD T.E.
VOCABULARY MM 94 - 18.02 8.34  4.50 L
. RL 67 1.05  1.35  18.73  8.04 0.23
COMPREHENSION MM 94 - . 18.19 8.56 - 4.74 -
.~ RL 67 1.48  1.81 19.04 8.74 0.31
j o .
READING MM 94 - 36.21 15.99 7.67 -
TOTAL RL 67 2.52 1.91 37.78  15.88 0.33
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14

Table 4-29
One-Year Analysis for GRADE = 5 YEAR = 4,
Posttest= CST AND CTBS Subject = LANGUAGE.
Treatment effects and posttest means by treatment group,
o Schools = 2=4,
~ Treatment Treatment  (t) Posttest Residual Standardized
CST Group N Effect 128df X SD SD T.E.
PART A MM 87 - 41.18 7.20 5,20 -
RL 61 1.91 1.99 43,77 8.31 ' 0.37
PART B : MM 87 - - 37.76 8.34 5,22 -
RL 61 2.85 ¢ 2.95 40,54  8.16 0.55
- LANGUAGE MM 87 - 78.94 14.29 8.49 -
TOTAL RL 61 4,76 3.03 84,31 15.31 ‘ 0556
Treatment : Treatment (t) Posttest Residual Standardized
CTBS Group N Effect 1384f © X SD SD° _ _T.E.
SPELLING MM 94 - 32.00 7.65 .5.73 -
- MECHANICS MM 9% - 10.87 4,29 3.09 -
RL 67 0.66 1.24 11.01 4,18 ’ 0.21
EXPRESSION MM 94 - 16.33 5.99 3.66 -
RL 67 1.22 1.93 16.82 6.48 ~0.33
LANGUAGE MM 94 - 59.20 15,79  8.90 -
TOTAL RL 67 1.33 0.87 58.07 16.13 0.15

244
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The Gréde 6 Studies

The one-year studies for grade 6 are summarized as follows:

-Year 1 Year 2 Year 3 . Year 4
| CAlL: - Cohort CAT: Cohort
Grade 6 MM, RR, RL, LL Controls MM, MRL, RL Controls
Comparisons ) Comparisons Comparisons Comparisons

Three curriculums—-mathematics, reading and language—-were all
available for grade 6. Different combinations of these three curriculums

were studied to determine the effectiveness of'CAI,

The Désign and Analyses for Grade 6

Year 1. In the first year, the assumption was made that reading and

_language CAI curriculums covered different skills. All sixth graders

were given two 10-minute sessions of CAI daily, but there were four

treatment conditions. These conditions were as follows:

Mathematics—Mathematics
Reading-Reading
Reading=Language
Language-Language

EEBE

The four treatments at the sixth-grad; level allowed a separate
comparison of the accomplishﬁents of students in the reading and language
CAI curriculums. Students were randomly assigned to one of the fo&r
treatment curriculums in CAI schools. Because the CAI‘treatment started
in February of year 1! and CIBS tests were given in April, each student
received 8 to 10 weeks of CAI before CTBS testing. The CSTs were
given in late May after three months or more of CAl.

24 ;
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The research design at the sixth grade in year 1 was compromised by
the actual conditions during implementation. Although students were

randomly assigned to each of the four conditions, brighter students

topped out of the language and reading curriculums. Some students topped
out during the £apid-motion phase in the first 10 sessions of CAI; some
topped out much later. Although students who topped o;t and were reassigned
to mathematics were screened out of the analyses, the randomizgd design

was compromised. Students remaining in the RR and, especially, the LL

_conditions were the slower students. Students in the RL condition did

not top out as frequently because they spent only half as much time in
each of the curriculums. Therefore tﬁe RL étudents are likely to be a
brighter group than ghe RR or LL groups. One hopes the regression
analyses compensate for the randomizaﬁion problems, but we recognize the
deficiencies of the design at this level. ‘
Year 3. Most students in grade 6 in CAI schools in year 3 already
had been exposed to one-and-one-haif years of computer—assisted instruction.
In grade 4 the students had been assigned tovone of three treatment
conditions: two sessions of math CAI daily (MM);'one session of reading
and one of language daily (RL), or a combinatign of one session of math
daily with a second session which alternated between reading and language
(MRL). In grade 5 and again in grade 6,'rgturning students were given
their original CAI treatments while new students were randomly assigned

to one of the three conditions. Because of the LAUSD desegregation plan,

there were no sixth graders in School 1 in year 3.

24
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Results for Grade 6

o

Year 1. Table 4-30 presents the resulthfor CST and éTQS mathematics
scores. For the CST data, the treatment efﬁecté for the MM g;oup are
statistically significant.. For the mathematics CST déta, the adjLsted
mean for the MM group is almost one—and—one half standard deviations
above ;he adjusted mean for the other groups combinéd. There are no
statisfically significant differeﬁées between the MM group and other
groups on the CTBS mathematics subtests. Singg the CTBS was administered
gnly a few weekg aftér the onset of CAI, the failufe to find differences
is not surprising.

Table 4-31 gives the results for the CST and CTBS reading tests.

For the CSI data, statistically significant differencgs in the treatment
effects are found for the RR group on part B and the total and for the RL
group on part B. Ovérall the RR group did about twice as well as the RL
group when compared to the MM gréup on the reading CST. The CIBS reading
results may refleét some treatment effects of exposure to the CAI curricu-
lum as well as the topping out phenomenon described earlier. Only the
treatment effect for the RL group in reading comprehension is statisti-
cally significant, althoughvall are positive.

Table 4-32 presents the results for the CST and CTBS language
tests. For the CST data, treatméht effects for the LL and the RL groups
are all statistically significant, but there appeares to be little
difference between them. As we have seen earlier, students receiving
half as much CAIl perform about half as well. This may indicate a
ceiling effect ;or the test and the CAI curriculum. None of the treatment
effects for the CTBS language subtests is statistically significant.

Overall, results for the CSTs in year 1 are significant and.in rhe

predicted direction. The CTBS results are not significant, as might have

been expected since exposure %o CAI was limited.

Ay




~79-

Table 4-30
One-Year Analysis for GRADE = 6 YEAR = 1.
Posttest = CST AND CTBS Subject = MATHEMATICS.

Treatment effects and posttest means by treatment group,
Schools = 1-4.

Treatment Treat:ment (t) Posttest Residual Standardized
CST Group N Effect 176df X $D SD T.E.
PART A MM 60 6.87 8.46 35.35 10.66° 4,89 1.40
RK,LL,RL 134 - 25,47 5.94 -
PART B MM 60 5428 7.06 .  27.92  10.57  5.35 1.17
RR,LL,RL 134 - ‘ 18.62 5.61 -
MATH MM 60 13.15 8.65 63.27 20.79 9.15 1.44
TOTAL RR,LL,RL 134 - 44,08 10.19 -
Treatment Treatment (t) Posttest Residual Standardized
CTBS Group N Effect 183df X SD SD T.E.
COMPUTATION MM 63 1.04 0.96 34,43 8.36 6.56 0.16
RR, LL,RL 138 - 30,36  7.77 -
CONCEPTS M 63 -0.27  =0.55 14,41 4.60 2.9l ~0.09
RR,LL,RL 138 - 13.05 3.78 -
" APPLICATION MM 63 -0.39  =0.56 14,41 5.97  4.13 ~0.09
RR, LL,RL 138 - 12.34 5.25 -
MATH MM’ 63 0.39 0.22 63.25 17.16 10.80 0.04
TOTAL RR,LL,RL 138 - 55.75 : 14.17 -
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Table 4-31
Qpe-Year Analysis for GRADE = 6 YEAR = ],
Posttest = CST AND CTBS Subject = READING.
Treatment effects and posttest means by treatment group,
Schools = 1-4.

(¢) - Residual Standaraized

Treatment ITreatment Posttest
CST Group N Effect 192df X SD SD T.E.
PART A MM 56 - 35,38 - 10.26  7.26 -
RR 49 2,67 -1.83 36,82 10.64 0.37
RL 61 1.15 0. 84 35.84 10.53 0.16
LL 49 ~2.36 -1.61 34.20 11.25 -0.33
RR 49 4,37 3.32 28.67 10,92 0.67
RL 61 2,49 1.99 27.49 11,44 0.38
% 49 0.72 0.54 27.94 12.40 0.11
READING MM 56 - . 60,91 19.91 12.45 -
TOTAL RR 49 7.04 - 2,82 65.49 20.79 0.57
RL 61 3.64 1.54 63.33 20,94 0.29
LL 49 -1.64 -0.65 62.14 22,58 -0.13
» .
Treatment Treatment = (t) Posttest - Residual Standardized
CTBS Group N Effect 183d£ X. SD SD T.E.
VOCABULARY MM 65 - 23.18 8.69 4.44 -
RR 53 1.17 1.38 21.42 7.24 ’ 0.26
RL 51 1.24 1.44 21.61 7.14 0.28
LL 34 -0.71 -0.73 19.74 8.20 -0.16
COMPREHENSION MM 65 - 23,66 10.26 5.64 -
RR 53 2,56 2.36 23,25 7.78 0.45
RL 51 2.86 2,61 23.57 6.74 0.51
LL 34 0.49 0.39 21.44 8.79 0.09
READING MM 65 - 46.85 18,25 8.67 -
-- TOTAL RR 53 3.73 2.24 44.66 13.80 0.43
RL’ k .- ﬁvhsl,,rw e 4010 2-43 45018 . 13016 0.47L’
LL 34 =0.23 -=0+s12- . _41.18 16,32 -0.03

Yy




-81~-

£

Table 4-32 v : N
One-Year Analysis for GRADE = 6 " YEAR = 1.,
Posttest = CST AND CTBS Subject = LANGUAGE.

Treatment ‘effects and posttest means by treatment group,
Schools = l=4.

Treatment Treatment (t) Posttest - Residual Standardized
CST Group . N Effect 1924f X . 8D SD T.E.
PART A om 6 . - 39.30  6.67  5.18 -
RR 49 0,46 0,44 38.80 7.66 0.09
RL 61 4,21 4,27 43.00 7.38 ¢ 0.81
LL " 49 4,52 4.32 44,37 . 6.59 ' 0.87
RR 49 0.60 0.57 33.78 6. 68 0.11
RL 61 3.65 3.64  37.20 7.61 C0.69
LL 49 3.90 3.67 38.45 8.58 0.74
' LANGUAGE MM 56 - ©73.34  13.64  8.98 -
TOTAL RR 49 1.06 0.59 72.57  13.38 0.12
RL 61 7.86 4,59 80.20 14.20 . 0.88
LL 49 8.42 . 4.64 82.82 14.10 0.94
. Treatment Treatment () Posttest Residual Standardized
CTBS Group N  Effect 173df X SD SD T.E.
SPELLING - M 64 - - 35,47 8,77  6.07 - | -
’ RR’ 54 -0.48 ~0.41" 32,44 8,03 -0.08
RL 46 0.69 0..56 33.35  6.37 ° . 0.11
LL 31 -0.62  =0.44 31.35 7.79 -0.10
MECHANICS * MM 64 - 10.53 4,36 2,95 -
RR .54 0.85 ~ 1.50 . 10.98 3.64 0.29
RL 46 0.53 0. 89 10,57 . 3.40 0.18
LL 31 0.25 0.36 9.58 4,04 0.08
EXPRESSION MM ‘[ 64 - 19.13 7.11 4,57 -
RR 54 0.58  0.66 118.15 5.16 . 0.13
RL 46 0.53 0.58 17.93 4,78 _ 0.12
LANGUAGE M 64 - 65.13  17.71 10.18 -
TOTAL RR 54 0.96 0.49 61.57  14.43 0.09
RL 46 1.76 0.85 61.85  10.66 , 0.17
. LL

31 ¢ -0.78  =0.32 57.39  14.61 -0.08

390
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 Year 3. Table 4-33 presents the results for CST and CTIBS mathematics
scores for sixth graders in year 3. Most s;udenég were in their third
year of CAI withvthe same treatment cohditions. éor tﬁe CSTs the tr men£ .
effects for the MM and MRL groups are statisticalﬂy significant overgll
as compared to RL studeﬁts. " In general, tfea;men% effects for the MRL
group are about half those of the MM group. For t%e’CTBS mathematics
data there are no statistically significant treatm ﬁt effectg, although
the strongést‘efféck is for the MM group in computation:
Table 4-34 éives the results for the CST and CTBS readihg,scofes.
For the CST data, none of the treatment effects is statistic#lly signifi?

~ cant, although differences favor the RL group over|the MM group:

For the CTBS data, treatment effects for the RL and MRL groﬁps invreéding

vocabulary are stagistically significant, with theiadjusted means for the
RL and MRL groups almost half -a standard de;iation above the édjustéd.
means for the MM group.

Table 4-35 presents the results for the'CST and CTBS langu#ge
scores. For the CST data, treatment effects.for the RL group ‘are statis-
Atically_gignificant for part A and the reading total. In genérai,
treatment effects for the MRL group are abouf half of the treatment‘
effects for the RL groué.‘ The adjusted.méan for the RL.group is .53 of
a standard deviation higher than the adjus;ed mean for the MM groub.

None of, the treatmentveffects for CTBS scores is statistically significant.

(S
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Table 4-33

One-Year Analysis for GRADE = 6 “ YEAR = 3,
Posttest= CST AND CTBS Subject = MATHEMATICS.

" Treatment effects and posttest means by treatment group,
Schools = 2-4.

"RL 44 - - 57.16 15.37

e

' Treatment = Treatment (t) vfpsttest Residual Standardized
CST i Group N Effect 133df X SD SD T.E.
PART A ~ MM 55 476 3,59 37.69  11.07  5.97 0.79
MRL 54 3.20 2.54 35.39 10.17 0.54
PART B M 55 3.89 - 3.23 27.62 11.25 5.45 0.71
MRL 54 _1.80 1.56 25,54 10.02 0.33
RL - 41 - 24,12 7.63 -
MATH | MM 55 8,62 3.75 65.30  21.83 10.43 0.83
- TOTAL MRL 54 5.01 2,27 60.92 19.66 0.48
S RL 41 - ' 56.83 16405 -

: Treatment Treatment (t) ._Piosttést . Residual  Standardized
CTBS Group N Effect 133df X SD SD T.E.
COMPUTATION MM 51 =« 2.39 1.51 33.21  9.94 7.25 0:33

MRL 55 1.17 0.77 31.16 8.61 0.16
RL 44 - 30.68 8.57 -
T MRL 55 -0.29 . =0.42 13,58 4,64 ’ -0.09
RL 44 ' - 14,32 = 4,08 - ,
APPLICATIONS MM 51 1.16 1.20 13.65 6.20°  4obb . 0.26.
MRL 55 0.94 1.02 12.65 6.47 0.21°
N RL 44 ke - - 12016 5050 -
' . . k . 3 v .
MATH - ‘ MM .51 3.72 1.37 6l1.25 19,58 12,41 0.30
TOTAL MRL 55 - 1.82 + 0.70 * 57,40 18.03 0.15
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Table 4-34

One-Year Analysis for GRADE = 6

J

‘Posttest= CST AND CTBS

YEAR = 3.

Subject = READING.

- Iréatment effects and posttest means by treatment group,

#' ‘--t- Schools - —2-4.
Treatment Treatment  (t) . Posttest Residual Standardized
CST ~__Group . N Effect  122df X SD SD T.E.
PART A T 45 - 37.71  11.28  5.87 -
' © MRL 53 1.49 1.16 38.91 9.97 0.25
RL 43 2.23 1.60 41.40 8435 . 0.38
' PART B MM 45 - 31,18 11.17  6.54 -
- MRL 53 0,47 0.33 31.36  12.59 : 0.07
RL 43 2.56 1.65 34,56 10,67 0.39
READING MM 45 - 68.89  21.43 10.97 -
'TOTAL MRL 53 1.96 0.82 70.26  21.82 0.18
| RL 43 4,79 1.83 75.95  17.68 0.44
| .
! I3
’ A . ) .
Treatment Treatment  (t) Posttest Residual Standérdized
CIBS Group _ N Effect  128df X SD SD T,E.
VOCABULARY MM 50 - 21.48 9.29  5.06 -
. MRL 56 2,58,  2.44 23,21 9.26 0.51
RL 43 2.28 2,03 24,33 8.99 0.45
COMPREHENSION MM 50 - 24,54 11.06  5.71 - .
MRL 56 -0.36  -0.30 -. 23,36  10.98 -0.06
RL 43 0.18  0.14 25,28 9.66 0.03
READING , ~ MM 50 - 46,02 19.69  9.62 -
TOTAL . MRL 56 2,22 1.10 46,57 19,61 0.23"_
" RL 43 2.46 1.15 49.60 17.92 ©0.26
L. )
>
31, ;“)‘) . . i




Posttest = CST AND CTBS

Table 4-35
: i : |
One-Year Analysis for GRADE = 6

YEAR = 3h.1

Subject = LANGuApE.,

Treatment effects and posttest means by treatmenﬁ group,
Schools = 2-4# : ’

'Standardized

Treatment Treatment (t) . Posttest Residual
CST Group N Effect 1224f X SD . SD T.E.
PART A - MM 45 - 41.00 8.45 4,58 -
MRL 53 0.98 0.98 _41.96 7.56 , 0.21
RL | 43 2.75 2.52 44,95 6.37 0.60
PART B MM 45 - 36.18. 7.52 4,17 -
MRL 53 0.93 1.02 37.02° 6.93 0.22
RL- 43 1.34 1.35 38.88 5.42 0.32
LANGUAGE MM 45 - 77.18 15,23 7.64 -
TOTAL MRL .53 1.91 1.14 78.98 13.80 ~ 0.25
RL 43 4.08 2.24 83.84 11.25 0.53
. Treatment Treatment - (t) ‘fpsttest' Residuél Stan¢éfdized
~ CTBS Group N: Effect 128df X SD .. . SD T.E.
SPELLING MM 50 - 33.92 8.98 6.27 z
. MRL 56 -0.84 -0.64 34,09 9,95 -0.13
RL 43 -0.19 -0.14 35.58 9,39 ~0.03
MECHANICS MM 50 - 11.64 4.36 3.14 -
o MRL 56 0.21 0.32 11.75 4,62 0.07
RL 43 0.65 0.93 12.60 3.69 0.21-
EXPRESSION MM 50 - 18.76 7.97  4.36 -
MRL 56 0.75 0.82 19.23 7.91 0.17
RL 43 0.86 0.88 20.35 7.60 0.20
 LANGUAGE MM 50 - . 64.32 18.81  10.93 -
- TOTAL MRL 56 0.12 0.05 65.07 20.90 0.01
' RL 43 1.32 0.54 68.53 18.59 0.12°
W \l} {_) t

-
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Summary Qf the Grade 6 Data

For the sixth-grade data, the CSTs show that’étudents assigned to
a CAIqurriéulum did,vin fact, perform'better when tested on that curriculum.
Results éfe statistically significant for the mathematics and»langﬁage
CSTs and for some of the reading CSTs.

Fpr the CTBS data only éne year's results were applicable. In year 3,
RL studenfé performed signifigantly better on reading vécabulary
than did the MM students. ’Thé MM students performeq better on"mathematics

'computation,'although the effect is not statistically significant.

. -

a




Chapter 1V

LONGITUDINAL EXPERIMENTAL STUDIES
Introduction

One of the goals of this CAI study is to assess the effecté of more
than one year of exposure to the three CAI curriculums. This fequires a

longitudinal design in which CAI is used with the same group of students .

as they proceed through successive grades. Wé have already seen all of
the components of the longifudinal studies as we reviewed the 12 one-&ear

studies. A schematic description of the longitudinal design is as follows:

¢

Grade 1 Grade 2 Grade 3 Grade 4 Grade 5 Grade 6
F

Year 1 M ., M o
MM MRL :
N RL .
N ' -,
Year 2 M Y M
0 ML o L -
\\ _ RL
N . . .
Year 3 M N ™M
oN RL L.
N RL
N .
Year 4 - N M

BB

The letters indicate the treatments received b& tﬁe students at Qgsignated
.years and éfgdes. Solid lings indicate that individual students were
assigned to the same ;reatment‘groubs in the subsequent years. Dashed lines
indicate that treatmenf groups were re-randomized iﬁ the suddeeding yégr.
There are three longitudina; studies: g;;de 1l to g;ade 3, grade 2.to ‘grade
5, and grade 4 to grade 6. Besides allowiﬁg us to study the effect of
long-termbexposure to various CAI curriculums, this longitﬁdinalrdesign
provides the oppértunity of asggssing the effeéts of changipg curriculu$ 

‘mixes on some of the.students in differéht‘years. The-désfgn also gives -

4
- - A

w
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us some replication of certain aspects of the study under somewhat diiferent

b2

conditions.

" .The Grade 1 to Grade 3 Lbngitudinal Study

The grade 1 to grade 3 longitudinal study is summarized as follows:

-

Grade 1 - Grade 2 Grade3 -
0 > 0 > L - . ’

where O stands for zero CAI curriculum exposure. For first and second

gra&es, mathematics was the only curriculum available. Zero CAI exposure
(0) .was used as a copFrol for ﬁathematics'CAI exposure, For third '
graders, mathematics and language curriculums were compared.; Uniike the
other two longitud%galmétudies, the procedures to randomize the assignment

-

of curriculums to students were activated in each of the three years.

For the four CAI schools in year 2, classrooms at the first-grade

ve 10 minﬁtes of

level were randomly selected to receivé or not-recei
’ . ‘.-

&

mathematics CAI curriculum. Pairs of classrooms were identified on the
basis of»a priorilinformatibn. One number of each pair of classrooms wa;ﬂ
seiectéd for CAi; the pther was its control. In Year 3,'élassrooms ;t

| the seéond-grade leve} wére*agaiﬁ randémly dividéd into two categoriés;
cne recéived the CAI ﬁathématics curriculum the other did not. Within
the CAI classrooms, sﬁudents in the mathematics CAI curriculum were
randomly aSSiéned to either fiiéd or variable stran@s. The_ovérall
cgfriculum.yas thé same but the.mgthoduof presentation was different.

Variable strands presented questions frpm all ava;lablé strands of the

-

mathematics curriculum in variable order, while fixed strands allowed the

teacher to select the strand in which the studenthwofked.

v o

:

e -
——
———

%
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In year 4, bothvmathematiés and language arts curriculums were available

for third graders, and they were randomly assigned within classrooms to

either mathematics CAI or language arts CAI for 10 minutes daily. The third-
[

grade design proQided a completely randomized comparison -between the |

mathematics and language curriculums.

. Because the randomization proceduftes occurred every year, there were
many combinations of CAI treatment sequences across the three-year !
o , . v _ !

eiperimental period. For exanple, there were'four treatment sequences

across grades 1l and 2 if we do not distinguish between fixed and variable

strands. There were 00, OM, MO and MM, where O stands for no CAL exposure.

This two-year longitudinal study provided a comparison of the benefits of

first and/or second grade CAI instruction in mathematics. The lanéuage

CAI curriculum for third graders in year 4 served as a control for the
mathematics CAI treatment effect. By the end of grade 3 there wene‘eight

possible CAI sequences for students in the grades 1-3 CAI cohort.'

A . '
e Ny
- i ’, { '
: . 4 3
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Results for the Longitudinal Data, Grades 1-3

The analysis of the data for this longitudinal group 1s complicated

' by the fact that, at the end of the third year of the study, there were

™ '

eight treatment conditions among less than 100 CAl students who remained.

Four sets of analyses will be described on the following pages:

'{grades 1-2 anaiyses, grades 1-3 analyses, CAI students vs. cohort'controis,
I

//

;and CAl students vs. comparisons.

Table 4-36 presents the results for the CST and CTBS mathematics'
scores of students in CAI schools in grades 1 and 2. By the end of grade
2 there‘were four'treatment’groups: some students had no mathematics CAl
either year (bb),.some had hAI only in grade 1 (MO), some had CAI only in
‘grade 2 (OM), and some had CAI both years (MM). The CST results show
that treatment effects for the OM and MM grbups.are statistically
"significant when compafed to the gfoup with no CAI. In terms of th?
residual standard deviation, the adjusted means of groups MO, OM; and MM
are .25, .71, and .66 of a standard deviation above the adjusted mean for

students without CAI. ¢
‘ Results for tﬁe CTBS show that the tre#tment effects for the MM
. group for computatioﬁ and mathematics total arevPoth statistically

‘significant. The treatment effects are orderly; i.e., the more mathematics
CAI or the more recent the CAI experienée, the higher the treatment
. effect. For the CTBS mathematics total, the adjusted means for the MO,

OM, and MM groups are .25, .53, and .71 of a standard deviation above

the adjusted mean for the students without CAI.




CST

Longitudinal Analysis for GRADE 1 to GRADE 2.
Period = YEAR 2 to YEAR 3.
Posttest = CST AND CTBS-

Treatment effects and bostgest means by treatment group,

Schools = 1=-4,

Treatment .
Group

PART A

PART B

MATH
TOTAL

CTBS

00
MO
oM
MM

00
MO
o
MM

00
MO
OM
MM

Treatment
Group

COMPUTATION - 00

CONCEP
APPLIC

MATH
TOTAL

MO
oM
MM

TS AND 00
ATIONS MO
OM
MM

00
MO
OM
MM

£
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 Table 4-36

Subject = MATHEMATICS.

. 27

. 22

bl S

341)

Treatment (t). Posttest Residual Standardized
N Effect 98df. X SD SD - T.E.
- 33.48 11.43 9,06 -
22 2.60 0.95 34,59 10,52 0.29
37 4,67 1.81 39,70 11.07 0.51
25 5.32 2.02 37.84 9,05 0.59
27 - 19026 12098 90 54 -
22 1.68 0.58 20,05 10.07 0.18
37 7.66 2.82 30,19 13.30 0.80
25 6.17 2422 25,064 13.05 0.65
27 - 52.74 23,15  17.40 -
4,27 0,81  54.64 19.90 0.25
37 12.32 2.49 69. 89 23.15 L 0.71
25 11.49 2,27 62.88 21,42 0.66
Treatment (t) Posttest Residual Standardized
N Effect 104df. X SD Sp : T.E.
3l - 14,39 6.90 5.17 -
21 1.83 1.18 15.05 6.70 0.35
40 2,30 1.60 18.18° 6.59 0.44
25 3.47 2.38 18.00 6.18 0.67
31 - 13.94 5.54  3.68 -
21 ~0,13 ~0.11 13,24 5.56 -0.03
40" 1.64 1.61 16.85 5.30 0.45
25 1.85 1.78 15.32 4,06 0.50
3l - 28,32 11.29°  7.50 -
21 1.70 0.75 28.29 10.66 0.23
40 3.94 1.90 35,03 11.26 0.52
25 5.31 ¥ 2.51 33.32 9.31 0.71
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Table 5-3] presents the results for the CST and CTBS mathematics
scores for longitudinal s;udents}in'grades'l43. " Whereas-the two-year
regreésions showed four groups of students, the number is doubled for the-
three=-year régressions. 'Students in each of the previous four groups
were assigned e{Eher,mathematics'or langpage:CAI in grade 3. Table 4-37

v

collapses the eight groups-of students into fbﬁr groups as follows:-

-

OOL # O years offmathematiqs Ca1
MOO, OMO, OOM'= 1 year of mathematics CAI
MOM, OMﬁ, MMO = 2 years " . I

MMM = 3 years " " "

The CST results show'statistically’significant téeatment effects for
most of the CAI conditions, and the”treatment(éffects are ordered.i The -
more @athematiCSFCAI, the greater the treatment effect, For the total o
FCST,athe adjusted means for stﬁdénts with oﬁe, twe or three years of ’
mathematics CAI are +74, .91, and 1.54 of a stand;ra'deviation above the -~
adjusted mean for students without CAI. |
) The CTBS results are more confused. Many bilingual studeyts were
not tested with the CTBS in the final year of the study. The decision
not to test bilingdal students in oné school was beyond’the coptfolvof
the CAI projegf. It was unfortunate in that the loss of students reduced
the number of students with three years“of CAI to foué. None of the .
treatment effects for CTBS subfests is significant. Nevertheless it is
interesting to note that for éomputation, the adjusted means for students
;with one and two years of CAI are .29 and .61 of a standard deviatfon

above the adjusted mean for students with no CAIL experience. Those results

are not statistically significant, but they do follow the general trend.
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Table 4-37
Longitudinal Analysis for GRADE 1' to GRADE 3,
Period = YEAR 2 to YEAR 4, ) '
Posttest = CST AND CTBS Subjéct = MATHEMATICS.

Treatment.eﬁfects.and posttest means by treatment group,
Schools = 1-4, '

Treatment Treatment (v) Posttest | Residual Standardized

CST Group N Effect . 64df X SD §D T.E.
PART A 0 14 - : 29,57 14,04 -
1 27 8.61 2.43 45,11 11.02 . 9.21 0.93
2 32 8. 89 2,73 40.50 . 14,41 0.96
3 12 12.20 2,71 42.17° 10742 : 1.32 ¢ )
PART B 0 14 - " 2014 9,30 -
1 27 3.79 1.07 28.44 13,92 9,21 0.41
2 32 . 6,35 - 1.95 28,44 14,81 0.69
3 12 13,44 2,98 30.58 12,50 4 - 1.46
. MATH 0 14 - 49.71 22,68 .
2 . 32 15.25 2,59 68. 94 27.70 0.91
3 12 25,64 3.15 72.75 20.36 1.54
Treatment Treatment v) Epsﬁtest Residual Standardized
CTBS . Group . N Effect 46df X sD __ sD T.E.
COMPUTATION 0 13 - : 21.85 10,02 ' - }
' 1 24 1.81 0.67 33.96 10,51 6,27 0.29
2 - 26 3.81 1.49 27.15 11,82 0.61
3 \f 0.89 0,21 25.50 11,41 0.14
CONCEPTS 0 13 - 9.69 6.18 -
. 1 264 0.10 0.07 16,42 6,44 3.31 0.03
2 26 1,45 1,08 12.62 6.62 0.44
3 4 0.12 0.05 11,50 5,85 . 0.04
APPLICATIONS 0 13 - 7.77 5.42 -
1 24 0.48 0.31 14,75 5.68.  3.57 0.13
2 26 0. 66 0.46 10.54 6.78 0.18
¢ 3 4 -0.85 -0.36 8.00 7.71 -0.24
MATH 0 13 - . 39,31 20,47 ° -
TOTAL 1 24 2,40 0.51 65.13 21.06 10.84 0.22
2 26 5.93 1.34 . 50,31 24,26 0.55
3

4 0.15 0.02 " 45,00 23.33 0.01
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Table 4-38 gives the results for CST and CTBS mathematics scores
for students in the grades 1-3 longitddinal CAI group compared to students
in the cohort control group in the same schools a year earlier. We have
just looked at results for the CAI group, and we know thatvsome students
in that gtoup had no CAI at all while others had from one to three yeats
of CAI. 1In these analyses, we make no differentiation amdng CAl students.
We simply compare the total group with those who were in grades 1-3 in
the same schools one year earlier. A

The CST data sh;w that the treatment effects_for the CAI group are
statisticaily significant. When the treatment effects are expressed in
terms of the residual standard deviation, the CAI group is .80 of a

|

standard deviation higher than their cohort controls.
The CTBS data likewise show that the treatment effects -for the CAI
group are statistically significant. Adjusted means for the CAI group

are from .38 to .51 of a standard deviation above the adjusted means for

the cohotft controls.
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mabié 4-38
Longitudinal Analysis for GRADE 1 to GRADE 3: CAI VS COHORT.
n ?eriod = YEAR 1 to YEAR 3 FOR COHORT. YEAR 2 to YEAR 4 FOR CAl.
Posttest = CST AND CTBS = Subject = MATHEMATICS.

- Treatment effects and posttest means by treatment group,
Schools = 1-4. ' '

o Treatment  Treatment (t) Epéttest Residual Standardized
CST » Group N Effect 210df X SD SD : T.E.

PART A CAL 97 8.23 5.34 - 40.96  13.85 10.61 ° 0.78

COHORT . 125 - 38.19 13.77 - .
PART B cal 97 7.00 4,79 . 29.75  13.80 10,08, = 0.69 )
: . COHORT . 125 - 26.76 11.46 -

MATH CAI 97 15.23 5,55 70.71 -26.38  18.93  0.80
' TOTAL COHORT 125 - 64,95  23.74 - -
e Treatment Treatment = (t)  Posttest " Residual Standardized

CIBS . Group . N Effect 185df X SD SsD ° T.E.
' COMPUTATION cal 79’ " 446 3.28 28,91  11.35 8,72 0.51

S COHORT 118 - . 28.45 12,03 .

CONCEPTS CAI 79 1.99 2.95 © 14,18 6.38 4,31 0.46 -
COHORT 118 - 14,27 6.15 v - T

APPLICATION CAI 79 1.87 2.46° 11.53 6.82 4.88 0.38 -~
COHORT 118 - 11.63 6.81 - s

'MATH CAI 79 8.33 3.44 54,62 . 23,12 15.48 0.54
COHORT *54.35




T

Table 4-39 gives the results for CST and CTBS mathematics scores

Q

for students in the grades 1-3 longitudinal CAI group compared to sﬁudentg
v 3 ' o

inftwo comparison schools.

- For the CST data, the treatment effects for the CAI grdup are all -
:statistiéally siénifiéaﬁt. The CAI groupﬂoverall is .76 of a standard
deviation above the adjusted mean of the comparison group. ’

For ;he CTBS. data, significant treatment effects are found fof
concepts, applications, and the CTBS total. For the total score, the CAI

' group is about half a standard deviation higher than the comparison

_.group.
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Table 4-39
Longitudinal Analysis for GRADE '1 to.GRADE 3: CAI VS COMPARISON.
Period = YEAR 1 to YEAR 3 FOR COMPARISON. YEAR 2 to YEAR 4 FOR CAL.
B Posttest = CST AND CTBS - ; Subject = MATHEMATECS.‘_'

Treatment effects and posttest means by treatment group, e - -
Schools = 1-4 vs 5-6. )

Treatment Treatment (t) . _ Posttest Residual Standardized

cST Group N Effect _ 199df X . _sD SD K.
"PART A . ~  CAL 97 9.28 5.45 40.96  13.85 11.21 " °  0.83
¢ COMPARISON 111 = = . 34,18 12.37 -
PART B CAL 97  6.09 3.88 29,75  13.80 10,32 0.59
| COMPARISON 111 o= © 25,51 10.79 : PSR
MATH CAI 97 15.37  4.98 70,71 26,38  20.31 0.76
TOTAL, COMPARISON 111 - ‘ 59,69 22.42 C -
" Treatment Treatment =~ (t) Posttest Residual StandardiZed
CTBS ___Group N Effect 178df X SD_ SD T.E.. =
COMPUTATION .  CAL 79 1.37 0.88 - 28,91  11.35  9.29 0.15
. ~ COMPARISON 108 - - 29.50 . 10.74 - o -
. § "
CONCEPTS . CAI 79 2.91 3,55 14,18 . 6,38 4.85. . 0.60
COMPARISON 108 - . 12,29 5.35° -
APPLICATIONS  CAI .19 3.91 5.15 11.53 6.83 - 4.50_ 0.87
: COMPARISON . 108 - o 8,31 4,74 o -
MATH cal 39 - 820  3.09 54.62  23.12 . 15.71  0.52

TOTAL COMPARISON 108 - - o 50.09  17.64 . -




standard deviation above the adjusted mean score for cohort controls or
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Discussion for Grades!l-3 W . L ’ ) B ‘
The treatment effects for students assigned to mathematics CAI are
remarkably consistent. The CST results for CAIL students across three ‘ ‘ ’

<

years average .80 of a standard deviation above the adjusted mean for
students with no CAIL+ When CAI students. are compared with cohort controls

in the same schools a year earlier or with students in comparison schools,

E}

CAI students again are .80 or .76 of a standard deviatién higher on the

sy

CST. Clearly, CAI students are acquiring the skills on which they 4 - -

receive drill and practice in the CAI mathematics curriculum.
‘ ,The CTBS results are less remarkable but nevertheless give evidence

that.drill and practice CAI helps students! performance on standardized

-~ o

tests. The adjusted mean score for CAI students averages-about half a

comparison-school'students on the mathematics CTBS total.’

©
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The Grade 2 to Grade 5 Longitudinal Study’

The grade 2 to grade 5 longitudinal study is summarized as follows:

Grade'Z Grade 3 ‘ Grade 4 .Grade 5

M- MM » MM » MM
MMZ ML — —> RL ——> RL P

The purpose!of this longitudinal study was to compare the pure mathematics

curriculum versus the reading and language combined curriculums. The

> =

longitudinal study started in year 1. Second graders were randomly
| , . ‘ -

assigned'tolone or two sessions of mathematics 'CAI during the second

'semester. As‘has been mentioned before, this design was extremely"

‘disruptive to'second-grade classrooms and met with a good deal of teacher;

opposition. In grade 3, students were assigned either two sessions of

mathematics CAI or bne session of mathematics and one of language CAl.

-

Several options had been contemplated; including a different design in
school 3, until Janhary 1978, when'treatments'ﬁere finalized as described.

Students who had feceived mathematics and language CAI in grade 3
received reading and language CAI in grade 4. In year 4, the fifth

graders continuedfthe same treatment as they received in fourth grade.

Although students had been exposed to CAIL on a daily basis in grades 2

and 3 in grade 4 classrooms were assigned to the CAI lab either on
Monday, Wednesday and Friday, or Tuesday and Thursday. In grade 5, the,
schedule was back to a daily basis. “The gradev3 to 5 segment of the
longitudinal study was selected for major emphasis because_of'the initial
(startuo problems #n grade 2 and‘because irom grades 3-5: the two CAI
groups began to iLcrease their differentiation. The MM group retained
the double dose of'mathematics treatment for three consecutive years
while the“other longitudinal group switched to the reading and  language

]

curriculums.

313
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- Results for. the Longitudinal Data, Grades 2-5 , - o o |
Five sets of analyses will be presented in this section. First we ‘

will prgéént the régression for CAi stndenté from grades 3-5, comparing

tnose'whn fecéined only mathematics CAI with those who received mathematics/
language in grade 3 and reading/language'in grades 4 and 5. Because \ -
aitfition had reduced the number nf students"for the thrée-yeér regression

to'n naximnm of 91, two. two~year regressions are reported for grade§’3;4

(N-143) and grades 4=5 (N=106). Finally we will bresent ﬁwo sets of

fegressions comnaring CAI students with cohort controls in the same

schools afyear earlier and with students in comparison schools.

Grades "3-5 CAI. Table 4-49 presents the results for the CST and
CTBSinatnematics écorgs for longinudinal CAI students in grades 3-5. For
the CST data, tréatment ef}ects for both parts and tne,tntal CSTQare
statistically significant. The MM students are more than'onn standard
neviation above the RL students on thg CST évenﬁinbﬁgh the RL students
nad, in féct, been éxposed to the mathematics CAI cnrriculnm for a-year

in grade 3. For the CTBS data, the treatment efféct for the, ‘computation

subtest is statisticallyvsignificant, with MM students about three-quarters
of a standard deviation above the RL group.' The rest of the treatment
effeets for the CIBS subtests and total are not statistically significant.'

Table 4-41 presents the results for the CST and CIBS reading tests. -

Noné ‘of the treatment effects is statistinaily significant.

Table 4-42 presents the resulpé for the CST and CTBS language tests. ..
For the,QST,datn, ihe;treatment effecté for the RL group inilanéngg; are ’
'all statiéticélly significant, with thn performance of the RL gfoup almost
three—quarters of avstandard deviation anove,that of the MM group. Tr2atment
effectg for the CTQS subtests are all positive but nofe is statistically

significant. ' , ‘ - v -

-

1.? ! l-')




-101-

- - ' " [ /
- .

. "Table 4=40 | ’ d
Longitudinal Analysis for GRADE 3 to GRADE 5. - | _/
PERIOD = YEAR 2 to YEAR 4. - ' 3 e
. . /
', Posttest= CST AND CTBS’ Subject = MATHEMATICS. T S -
Treatment effects and 'posttés't means by treatment group, . o ,’ -
. -;_Scho'ols = =4, - . . _ - / )
e Treatment =~ . Treatment (t)¢ ~  Posttest " Residual  Standardized
CST Group © N - " Effect 52df X SD SD-__ T.E. -
PART A M4 - 57 . 8.05- -4.23 38,40  10.55  6.81 - 1.18 )
~ RL 3 - =] 32,53  10.37 -
PART B MM 57 - 6,05 . 3.29 35.44 10,26  6.57 0.92
: RL 30 o= 29,87 8.66 - -
MATH M 57 " 14,10 4,17  73.84  19.78 12.09 - 1.17 -
TOTAL RL- . 30 - ' 62.40 18,07 -
Treatment’ Treatment '(t) Pogttest Residual , Standardized
CTBS " Group N Effect 54df . X sD_ SD T.E.
COMPUTATION - MM 58 5.46  2.89  29.95  8.56  6.88 0.79
'CONCEPTS MM 58 °  =0.37 . =0.37 12.02 5.04  3.64 -0.10
. RIJ . 32 - ) 120 53 So 09 . -
_APPLICATIONS MM 58 -0.23 . =0.20  11.26  5.68  4.26 -0.05,
o RL "32 - ‘ 11.38 5.79 . -
MATH - MM - 58 - 4.86  1.48 53,22 16,54 11.93 - 0.41

TOTAL RL - 32 - - 49.31  17.69 - S
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Table 4=-41 )
Longitudingl A;aligis for GRADE 3 to GRADE 5.
PERIOD = YEAR 2 to YEAR 4.
‘Posttesti CST AND CTBS Subject = READING.
_—' ; Treatment effects and potttest means by treatment group,

Schools = 1-~4,

' Treatment h Treatment -(t) .. Posttest Residual Standardized

- . esT. _° _Growp N _.Effect  _Sldf X SD SD __T.E.
PART A w55 - 39.40  10.08 = 6.88 -
S RL .30 2,20 1.19 42,40 7.23 " 0.32
PART B M 55 - " 36,06 11.85 - 8.10 -
-~ RL 30 2,03 0.93 39.43 9,55 o 0.25
READING _ MM 55 - : 75.46 20.89 13,49 -
TOTAL " RL .30 4,23 1.17 . 81.83 15,84 0.31
Treatment . Treatment ,(t) Posttest "Residual ‘Standardizéd'
CTBS Group N. Effect 53df X SD SD T.E.
VOCABULARY MM 58 - 18,41 8.60  4.69 -
RL ’ 33 : -0017 -0014 19046 - 80 39 -0.‘04
COMPREHENSION MM 58 - " 18.59 9.44 4,94 -
RL 33 1,17  0.87 19.00 9.38 0 0.24
READING M 58 - 37.00 17.20 8.30 - é

' TOTAL “ RL 33 0.99 0.44 38.46 16.92 . 0.12
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Table 4=42 :
Longitudinal Analysis for GRADE 3 to GRADE 5. | ) ) ]
. : ' : /

_ PERIOD = YEAR 2 to YEAR 4. . /,
Posttest= CST.AND CTBS.  Subject = LANGUAGE. S o
Treatment effects and postte;t means by trea&nent gréup, B X /
Schools = 1=-4. ' 3

, ) Treatment . Treatment  (t) Posttest - ‘ \Res'widual‘ Sta dardized
CST . : Group "~ /N Effect 51df X SD - 8D | T.E,
[ : | i
PART A m 55 - 41.33 7.58  76.29 -
. ‘ L ! . ’
PART B : MM /- 55 = © 38.22 8.03  5.33 -
~ RL J 30 3.32 2.32 42.33 7.36 . 0.62
| LANGUAGE MM 55 - 79.55 14,18 9.80 -
/ ° TOTAL RL. . 30 6.98 2.66 87.96 14,22 o o.n
Treatment ‘ Treatment (t) - _go‘s‘ttest Residual Sténdardi zed‘
. CIBS Group N Effect 53df X -~ 8D - SD / . T.E.
SPELLING MM 58 - 32.02 8,27  5.95 -
RL/" 33 0.33 0.20 32.82 8.12 . : 0.06
MECHANICS =~ MM 58 - . 11.33 4.26  3.23 - -
' L 33 1.28 [ 1.47 11.76 3.78 , 0.40
EXPRESS IOK MM 58 - ; 16.32 6.25  4.00 T -
© LANGUAGE /A~MM - - . 59.66 . 16.65  9.46 < . -
“TOTAL RL 33 2,56  1.00 61.58 - 15,49 R 7 Y A




Grades 3-4 CAI. On the next few pages are the data for a two~year

longitudinal study of gfadee 3 to 4 in years 2 to 3. Table 4-43 presents
the results for the CST and CTBS mathematics dependent variables. For
the CST data, all of the treetment,effeets for the.MM group are statisti-
cally §ignificenttﬂwith the performance of the MM group about one standard
deviation higher then the performance of:the RL group. For the CTBS
data, teeaement effeets for, computation and for the mathematics total
are both»statistieelly signiffcant, with the MM group more than half a
standare devietien above the RL grgup."The treatmentAeffects for the
remaining CTBS subtests are positive but not statistically significant.

‘ Table'4-44 giﬁes the results for the>CST and CTBS reading dependent
“variables. Nonelof}the treatment effects is statistically significant.

Table’4;45.gives the. results for the CST and CTBS language dependent

variables.v For the CST data, all of tﬁe"&reetment effecte for the RL
group are statisticaily significane. The adjusted mean of the RL gréup
v is more than ﬁalf a standard deviation above that of the Mm‘group. For

the CTBS data, none of the treatment effects is statistically significant,

although the treatment effect for mechanics approeches significance.

0.
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| Table 4-43

!

Longitudinal Analysis gbr GRADE 3 to GRADE 4.
PERIOD = YEAR 2 to YEAé 3. )

Posttest= CST AND-CTBSF Subject = MATHEMATICS.

Treatment effects andﬁposttest means by treatment group, v -
Schools = 1-4. ' . ,

Treatment i Treatment ,(t) Posttest Residual Standardized

CST Group /N Effect  102df X SD SD T.E.
PART A C MM '87 7.36 - 5.12 42.55  10.25 7.21 1.02
: RL l47 - , 33.85  11.04 S
" PART B M ' 87 4.83 3.76 . 28.64 11,92 6.46 0.75
RL ) ‘/‘ -47 - : ' 22058 11012 ) -
MATH - 87  12.16 4,97 71.19  21.31  12.32 " 0.99
- TOTAL RL 47 - 56,43  21.52 - -
Treatment Treatment  (t) Posttest Residual Standardized
Subtest Group Co N Effect 105d£ X SD SD T.E. |
COMPUTATION MM/ 90  4.60 3.08 38.70 9.30 7.77 0.59
RL 50 - 35,02  10.54 -
CONCEPTS MM 90 0.90 . 1.07 . 16.67 6.06 4.33 0.21
. " RL 50 - 16.44 6.33 -
APPLICATIONS MM, 90 1.62 1.88 14.73 6.76 4,48 0.36
. RL 50 - : 14018 7.58 -
MATH MM 90 7.12 2.76 70.10  19.61  13.39 . 0.53
TOTAL RL 50 - 65.64  22.53 ' -
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Table 4-44
Longitudinal -Analysis for GRADE 3 to GRADE 4.

PERIOD = YEAR 2 to YEAR 3.

E)

Posttest= CST AND CTBS " Subject = READING.

Treatment effects and posttest meahs by treatment group,
Schools = 1-4, i :

Treatment Treatment  (t) - Posttest Residual

Standardized

CST Group N- Effect  104df X " SD SD T.E.
PARTA - w89 - 48.51  10.89  8.25 -
RL 48 1.04 0.64  50.65 7.87 0.13
PART B MM 89 - 33.80  12.63 7.80 -
RL 48 1.26 0.82 35.83 10,00 0.16
READING . M - 89 - 82.30  22.11 14.29 -
TOTAL RL - 48 2.30 0.82 86,48  16.41 0.16
Treatment Treatment  (t) Epéttest Residual Standardized
CTBS Group N Effect  107df X = SD SD T.E:
VOCABULARY MM 89. -  22.44  10.04 5,05 -
COMPREHENSION MM 89 - 25.90 12,04 6. 41 -
’ RL 53 0.10 0.08 25.81 12.49 0.02
READING MM 89 - 48.34 21,42 10.04 -
TOTAL RL 53 0.29 0.15 48.09  22.19 ' 0.03
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Table- 4-45
Longitudinal Analysis for GRADE 3 to GRADE 4.
PERIOD = YEAR 2 to YEAR 3.
Posttest= CST AND CTBS Subject = LANGUAGE.
Treatment effects and posttest means by treatment group,
Schools = 1-4. :
Treatment : Treatment  (t) Posttest Residual Standardized
CST : Group N ' _Effect  104df X sD SD g T.E.
PART A o 89 - 42.43  10.28  7.38 -
PART B MM 89 - 36,20 10.42 6,92 .
RL 48 4,90 3.59 42,17 9.18 0.71
'LANGUAGE MM 89 - 79.25  19.83  13.31 -,
Treatment ~ Treatment  (t) Posttest Residual Standardized
CTBS Group N - Effect . 107df . X 8D SD T.E.
~ SPELLING MM 89 - "29.11  10.11 7.19 -
. . RL 53 -l.61 -1.19 27.06 , 10.30 -0.22
MECHANICS MM 89 - 11.18 4,84 3.26 -
. RL 53 1.11 1.80 12.06 4.79 - 0.34
EXPRESSION MM -89 - 1767 7.69 4,74 -
RL 53 0.72 0.80 18.04 7.34 0.15
LANGUAGE MM 89 - 57.97  20.64  11.63 - -
TOTAL RL 53 0.21 0.10 57.15 20.15 0.02

325
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Grades 4-5 CAI. On the next few pages are the data for a two=-year

longitudinal study of g}ades 4 to 5 in years 3 to 4. Table 4-~46 presents
the results for the CST and CTBS mathematics performance. For the CST
data, all pf the tre;tment‘effects for the MM group are statistically
significant, and the performance of the MM students is about one stan@a;d
deviation higher than ;he perférmance of RL student;. For the CTBS déta{
only the treatment for computétion is statisti;ally.significant, with the

perforﬁance of MM students more than half a stardard deviation abéve that
of the RL students. '

Table 4-47_presents the resulté for the CST and CTBS reading dependent
variables. For the CST data, all of tﬁe treatment effects are statistically
significant, with the performance of the RL group about three-quarters of
a standard deviation above that of thé MM group. None of the treatment
effeéks for the RL group on CTBS reading subtests is statistically )
significant.

Table 4~48 '‘gives the results for the CST and ?TBS language subtests.
For‘the CST, all of‘the treatment effects are statipticaily significant.
The adjusted mean for the RL group on the.total CST i; more than one
standard deviation above the‘adjuated mean for the MM group. None of the

treatment effects for the RL group on the CTBS language subtests is

significant. < ) v

2

§

32
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Table 4-46
Longitudinal Analysis for GRADE 4 to GRADE 5. - -
PERIOD = YEAR 3 to YEAR 4.
Posttest= CST AND CTBS . Subject = MATHEMATICS. .. - .

Treatment effects and postﬁest means by't;eatment group,
Schools = 1-4, ) -

E

_Treatment . Treatment (t) yzpsttest Residual Standardized

CST " Group N Effect 67df X _SD SD T.E.

. PART A MM 64 6.71 4,59 7 38,41 11.04 5.74 1.17

RL 32° - 32,28 9.82 S -

PART B MM 64 5.16 3,50 35.78°  10.36 5.79 0.89
RL 32 - , 30,09 8.64 -

y
o

MATH MM 66  11.87  4u66 - 74.19 20,47 - 10,02 1.18

TOTAL RL - 32 - : 62.38 17.51 , -
Treatment '$reatment () Posttest - - Residual Standardized

CTBS . Group N Effect . 66df X SD SsD . T.E.

COMPUTATION MM A 3.81 2.24 29.11 - 8.65  6.65 - 0.57,
RL . 30 - 25.27 9,35 ' -

- ‘CONCEPTS Y 64  =0.74 ~-0.80  11.86  4.85 3,58  -0.21
RL 30 - . 12,77 5.25 h -

APPLICATION MM 64 ~-0,78 -0,79 10.86 5.40 3.87 -0.20
RL 30 . ) - . 11067 50 97 f -

MATH MM 64 - 2,29 0. 81 51.83. 16.23 “11.04 ., .0.21

TOTAL RL : - .

30 = 49,70 18.24
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Table 4-47
Longitudinal Analysis for GRADE 4 to GRADE 5.
PERIOD = YEAR 3 to YEAR 4.

Posttest- CST 'AND CTBS ’ Subject = READING.

i _ Treatment effects and posttest means by treatment group,
Schools = 1-4. . v o - s .
Treatmen;? ‘Treatment - (t) Posttest Residﬁal Standardized
CST vGroup N Effect 77df X SD SD T.E.
PART A w7 - 39.94  -9.37.  6.18 -
RL 35 3.32 2.23 42,69 6.47 . . 0.54
PART B MM 71 - 36,92 11.22  7.42 -
RL 35 5.56 3.10 40.34 8.18 . 0.75~
READING MM no - | 76.86 - 19.70° 12.18 =
TOTAL RL 35 8.88 3.02 83.03 13.65 ’ - 0.73
B Treatment ) Treatment (t) Posttest Residual Standardized
CTBS Group - - N - Effect 75df X SD SD T.E.
VOCABULARY MM 72. - 17.69 7.54 4.39 -
' RL 34 0.62 0.56 18.09 6.90 0.14
~COMPREHENSION ~ MM 72 - . 17,49 7.90 4,81 -
READING M 2 . - 35.18 14,37 7.53 - - -
TOTAL - RL . 34 1.90 1.00 36.03 . 14.38 : ‘ 9.2?_
L i i .
R




. -111- - o ;
Table 4-48 : ' - -
Longitudinal Analysis for GRADE & to GRADE 5. _
PERIOD = YEAR 3 to YEAR 4.

_Posttest= CST AND CTBS Subject = LANGUAGE. . Lt -
Treatment effects and pqsttes_t means i;y treatment group, . . o )
Schools = 1-4, R . ~ ' : ‘ C

~ Treatment Treatment  (t) . Posttest Residual Standardize& S
CST Group N Effect 77df X SD SD - T.E. |
5] - P
" PART A M no - ' 41,61  7.04  5.79 - 3
RL 35 . 5.24 3.75 46,03 7.39 0.90 |
PART B MM 71 - 38.39  7.89  4.85 - |
RL 35 4,43 3,78 42,09 7.06 0.91
LANGUAGE MM noc - ©80.00  13.48 8,47 - |
TOTAL RL 35 . 9067 ° 4. 73 88011 ) 12097 . - 1'14
Treatment Treatment  (t) Posttest Residual Standardized
CTBS Group N Effect 75df X SD sb . _ T.E. °*
SPELLING w72 - 31.83  7.43  5.35 -
RL o] 34 0011 0008 300 65 70 95 0:02
MECHANICS =~ M1 . 72 = ’ 10,90  4.04 3,44 -
RL 3% . 0.77°  0.89 11.32 4,01 0.22
~ EXPRESSION MM 72 - ' 16,10 5.42 4,23 -
- RL 34 " 0455 0.52 15,97 5.74 0.13 .
LANGUAGE MM 72 - 58,83  14.64  10.26 . -
TOTAL RL 34 1,44 0.56 57.94 - 14,83 0.14
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. Grades 3-5 vs. cohort controls. On the next few pages are the data

- for a-three-year longitudinal study comparing CAI students with their
= o cohort controls in the same schools one year earlier. Table 4=49

presents the results for thé CST and CTBS mathegatics,déta.. For the CST,

the treatment effébts for tﬁe MM gfoup are all statistically significant, ¢

as are 2 out of 3 of the effects for the RL group. The RL group is almost :
2 ’ ) : o
- half a standard deviation and the MM group is more than one-and-one-quarter

standard_deviatibns above the adjustgd mean of the cohort controls.
Diéqussion of the performance of'the RL g;oup willkbg,covered in the
discués{pn section at thg end of the presentation of results. For the
CTBSWdata, treatment effects for the MM group on computatioﬁ and mathema-
tics total.arevstatistically significant. Treatment ;ffects on the
rgmaihing,subtests for the MM group and all the %ubtesps f;r the RL group

1]

are not signif;cént.
Table 4-50 presents the reading results.. For the CST data, all the
treatment effects for- the RL group and the treatﬁent effects for the

the MM group on part A are statistically:gignificént. For the CTBS

data, only the treatment effects for vocabulary are statistically

;s;gnificant;“andutheyﬂarefroughly equivalent for the MM and RL groups.
Table 4-51 presents the language results. For‘the CST data, treatment
' effects on the language tota]l are statistically significant for both the

RL and MM group. AdjustedAﬁeans for the MM siudents are almost half a

standard deviation above their cohort controls. Adjusted means for theé/

RL students are more than a standard deviation above the cohort controls

for the language CST. For the CTBS data, there are significant treatment

effects for both the MM and RL groupsbin language mechanics and for the

15

MM group in language total.

-




Table 4-49 " .
'Longitudinal Analysis for GRADE 3 to GRADE 5: CAI VS COHORTS.
PERIOD = YEAR 2 to YEqR 4 FOR CAI AND YEAR 1 to YEAR 3 FOR COHORTS
Posttest= CST AND CTBS Subject = MATHEMATICS.

Treatment effects andiposttest means by treatment group,
Schools = 2=4, |
1
Treatment . Treatment (t) ~  Posttest Residual Standardized
Group N| Effect 188df X SD SD T.E.

MM © 58 11.88 - . 37.60 . 11.20 9.85
RL . 29! .. ‘V’o 83 ' . . 320 41 10.27
COHORT " - | 25,10 11.62

o

- MM . 34.69 10.90
* COHORT ‘ 25.66 8.17

-

. 3
M, 5 . : 172,29 21.08
RL . . . 620 76 180 33
. COHORT . 50.76 . 18.70

P

' . Treatment Treatment t fpsttest Residual Standardized
CTBS Group . Effect ’ X SD SD T.E.

!

COMPUTATION MM 22 29.43 7.41
' : RLV * . 250 57 '
COHORT - .  23.96

_ CONCEPTS MM o S 11.95
RL . : 12.43
- COHORT _ - 11.05

APPLICATIONS M . - 11.05
D ' . | 11.30
COHORT 9.49

- MM : : 52.43
. RL | . . 49‘0 30
COHORT , - - 44,50

\,33:343 -
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Table 4-50 .

Longitudinal Analysis for GRADE 3 to GRADE 5: CAL VS COHORTS. °
PERIOD = YEAR 2 .to YEAR 4. FOR CAI AND YEAR 1 to YEAR 3 FOR COHORTS.

Posttest= CST AND CTBS - Subject = READING.

- - P

"Treatment effects and pdsttest means by treatmént group,
Schools = 2-4, : 2

) " Treatment Treatment = (t) -  Posttest " Residual §pandardized

CST... _Growp N Effect  181df X _SD SD T.E.
PART A~ Y 55 2,98 T 2,12 38,55  10.27 8.39 0" 35
- R _ 30 5.51 3.13 42,07 7.20 0.66

COHORT 108 . - 35,92 11,40 -
PART B - MM - _ 55 - 1.00  0.60 34,95 . 12,27 9.96 0.10
RL 30 4,22 2.02 39,00 9.61 0.42

- COHORT 108 - 34,20  12.66 . ° -
© READING w55 3.98  1.38 73,49 21.56  17.30 0.23
TOTAL RL 30 9,73 2,68 81.07  15.84 ' 058
COHORT 108 - . 70,12 23.38 - e

- “Treatment - ' Treatment () ,Epsttest" Residual Standardized

CIBS . _Group _ N Effect  193df X SD SD T.E.
VOCABULARY MM 60 1.76 2,11 18.40 8. 54 5.17 0.34
RL ar 2.14 2,01 19.42 8.56 0.41

COHORT 114 - 16.78 7.42 -
COMPREHENSION MM 60 1.07 1.09 18.33 ~ 9.37 6.12 0.17
= | RL 31 1.21 0.96  18.84 9.66 ©0.20

COHORT 14 - . 17,44 7.64 -
READING WM - 60 2.83 1.78 36,73 17.03 6.45 0. 44

TOTAL RL 31 3,35 l.64 38.26 - 17.40 0.52 -
: ' " COHORT 114 - 34,22 14.01 -
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Table 4-~51

£

to GRADE 5: CAL VS COHORTS.

PERIOD = YEAR 2 to YEAR 4 FOR CAI AND YEAR 1 to YEAR 3 FOR COHORTS.

Postgest- CST AND CTBS

Subject = LANGUAGE.

Treatment effects and posttest means by treatment group,

Schools = 2-4,

CST

PART A

PART B

" LANGUAGE
TOTAL

CTBS

SPELLING

MECHANICS

'EXPRESSION

LANGUAGE
TOTAL

Treatment ; Treatment  (t) Posttest Residual Standardized
Group N Effect . 181df X SD SD T.E. \
MM 55 4,04 2,97 40.80 7.81 8.14 0.50
RL 30 8.10 4,75 45,43 8.13 . 0.99
COHORT 108 - 37.15  11.85 -
MM . 55 1.56 1.55 37.78 8.00 6,03 0.26
COHORT 108 - ,36.40 8,04 -
MM 55 5.59 2.69 78.58  14.27  12.47 0.45
RL 30 13.22 5.06 87.20 14.15 ) 1.06
COHORT 108 - 73.55 18,80 N ' -
Treatment Treatment (t) Posttest Residual Standardized
Group - N Effect 193df X SD ' SD T.E.
MM 60 1.28 1.23 - 31.88 8.20 6.45 0.20
RL ~ 31 1.32 0.99 32.65 8.23 0.20
COHORT 114 . - 31.06 8.69 -
- MM 60 1.56 2.90 11.17 4,23 3.34 0.47
RL ©-31 1.63 2.36 11.71 3.88 0.49
" COHORT 114 - 9,80 4,45 -
MM 60 0.72 0.99 16.23 6.29 4,49 0.16
RL 31 0.79 © 0.85 16.90 6.88 0.18
COHORT 114 - - 15.70 6,65 -
MM 60 3.56 2.06 59,28 16.61 - . 10.70 0.33
RL 31 3.73 1.69 6l.26 15.61 0.35
COHORT 114 - 56.56  17.30 -

334
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effects is significant either for the CST or CTBS data.
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‘Grades 2-5 CAI vs. comparison students. On the.next few pages are

-the tables for a four—year longitudinal study of CAI students compared to. ..

students in two different schools in the same years. ‘Table 4-52 présents
the mathematics results. For the CST data, treatment effgcts for the MM
group are all statistically significant, while treatment effects for the

RL group are not. The MM students performed on the average more than one

standard deviation above the adjusted mean for comparison students. For "

the CTBS data, pniy the treatment effect for the MM group on compﬁtation

is statisticaily significant and equivhlent'to .Ag-of a standard deviation.

-

Table 4-53‘§ie§ents the reading results. None of the treatment.
Table 4-54 presents the language results. Fdr the CST data, statis-

tically significant treatment effects were achieved by the RL group in

part A and the tota;;ianguage CST. The adjusted mean for the RL group

is .46 of a standard deviation higher ihan the adjusted mean of thé

comparison group. For the CTBS, none of the treatment effects is

significant.

«

\,.(()
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" Table 4-52

PERIOD = YEAR 1 to YEAR 4.

Posttest= CST AND CTBS . Subject = MATHEMATICS.

_iqng;gpdinglmA§§1y§;s_fgr GRADE 2 to GRADE 5: CAI VS COMPARISONS.

TOTAL RL 32 0.65 0.21 50.13 17.53
o COMPARISON 90 - 49,31 16.81

Treatment effects and pqsttestﬁheans by treatment group, ’
Schools = 2-4 vs 5~6,
v Tréatment ) | - Treatment  (t) Posttest - Residual Standardized
CST Group N Effect  157df X SD SD ~ T.E.
'PART A MM 4b ' 8461 5.25 39.05  11.00  8.44 1.02 )
KL 31 1.57  0.87 31.84  10.81 ' 0.19
COMPARISON _ 90 - - 29,82 10.35 -
PART B MM 44 6.57 4,46 36,00  10.26 7.59 0.87
RL K6 7 31 " 0,02 0.0l 29,39 9.43 0.00
COMPARISON 90 - . 29.00 ~  8.95 -
MATH MM 44 15,18 5.24 75.05 20,47 - 14,92 1.02
COMPARISON 90 - , 58.82  18.43 -
~ _ Treatment ‘ Treatment (t) - _Posttest Residual Standardized
CTBS Group N Effect  160df _ X SD SD T.E.
"COMPUTATION M1 46 3.74 2,34 29,63 8. 82 8.26 0.45
RL 32 -0.24  =0,13 25.88 8.96 -0.03
COMPARISON 90 - : 26.32 9.09 -
CONCEPTS S 46 -0.13  =0.15 12.80  5.32  4.36 -0.03
- T RL 32 -0.08  -0.09 12,84 5.10 -0.02
" COMPARISON 90 - 12,72 4,95 -
/
APPLICATIONS MM 46 { 1.36 1.50©  11.83 6.08 4,72 0.29
RL 32/ 0,97  0.97  11.41  5.84 - 0.21
COMPARISON 90 / - 10.27 5,22 -
/
" ‘ ” 7/ N
MATH - oM 46 4,97 1.76 54,26  17.82 . 14.62 0.34
0.04 |




Table 4=-53-

-Longitudinal Analysis for GRADE 2 to GRADE 5:. CAI VS COMPARISONS.

PERIOD = YEAR 1 to YEAR 4.

Posttest= CST AND CTBS

-

Subject = READING.

Treatment effects and posttest means by treatment group,

Schools = 2-4 vs 5-6.

Treatment

o

~

, Ireatment (v Epéttest *  Residual ‘Standardiied
CST Group N Effect 150df X - 8D SD I.E.
PART A - MM 43 -0.27 -0.16 40.93 9.52 8.07 -0.03
7 RL 30 0.74 0.42 41.93. 7.27 . 0.09
COMPARISON 85 - 40,01  8.64 -
PART B MM - 43 -0.06 -0.03 37.35 10,92 9.99 - =0.01
RE 30 1.09 0.50 38.63 9.83 . 0.11
COMPARISON 85 - . 36.18  10.93 o -
READING MM 43 -0.33  =0.10 78.28  19.26  16.92 -0.02
TOTAL ' RL 30 1.83 0.50 80.56 16.19 0.11
' COMPARISON 85 - 76.19 18.60 -
Treatment Treatment (t) Posttest Residual Standardized
™ ~ CTBS Group N Effect 160df X SD . 8D T.E.
- 3
. VOCABULARY MM 47 -0.58 -0.49 19.30 8.49 6.16 -0.09
RL 32 -0.25 -0.19 19.75 8.40 - =0.04
| COMPARISON 89 - 18.39 7,40 -
COMPREHENSION MM 47 -1.45  -1.09 19,30 9.50  6.96.  =0.21
. “RL 32 -1.87 -1.28 19.31 9.19 E -0.27
COMPARISON - 89 t - 19.33 7.97 . -
REAﬁING MM 47 -2.02 -0.89 38.60 °  17.26 . 11.95 -0.17
L COMPARISON 89 C - 37.72 . 14,21 -
(')) "( *
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Table 4=54 . o .

Longitudinal Analysis for GRADE 2 to GRADE 5: Cél VS COMPARISONS.

PERIOD = YEAR 1 to YEAR 4. I

k1

Posttest= CST AND CTBS Subject = LANGUAGE.
Treatment effects énd posttest means by treatment group,
Schéols = 2=4 ys 5-6.

h Treatment Treatment  (t) Posttest Residual Standardized
CST Group N Effect 150df X sb 8D ' T.E.
PART A ' MM 43 0.74 ~  0.50 42.12 6.61 7.53 0.10

RL 30 3.66 2,24 45,13 8.39 0.49
COMPARISON : 85 - " 40.24 8.98 -
PAKT B - M 43 0.76 0.50 39.21 7.26 . 7.63 0.10
RL 30 " 2,65 . 1.60 41.27 7.60 0.35
COMPARISON 85 - 37.71 9,23 . -
'LANGUAGE MM 43 1.51 0.55 81.33  12.54  13.79 0.11
COMPARISON 85 - , 77.94 * 17.09 -

. Treatment - Treatment (t) Posttest Residual Standardized
CTBS Group N Effect 160df X SD SD T.E.
SPELLING MM 47 -0.36 -0.27 32.94 7.93 6.58 -0.05

RL 32 -0.88 -0.61 32.91 7.93 -0.13
COMPARISON 89 - 32.34 8.19 ' -
MECHANICS MM 47 0.59 0.77 11.43 4ob2 4.01 0.15
RL 32 0.50 0.59 11.53 - 3.88 0.12
COMPARISON 89 - 10.38 4,66 -
EXPRESSION MM 47 -0.18 -0.18 16.58 6.21 5,18 -0.03
RL 32 0. 41 0.38 17.25 - 6.67 0.08
COMPARISON 89 - 15,44 6.15 -
LANGUAGE M .. 47 ~0.05 0,02 60.94 16.53 . 13.17 0.00
TOTAL RL 32 0.02 0.01 61.69 15.06 0.00
COMPARISON 89 - 58,15 . 16.55 .-




'y s

-120-

Discussion for Grades 2-5

Mathematics. ‘The mathematics data for the grades 2-5 longitudinal
group are remarkably consistent. = Table 4-55 presents .an overview of each
of the one-year studies and each of the longitudinal studies we have just:

seen. Entries in the table are treatment effects in terms of residual

- standard deviations. Statistically significant effects are starred. .-In

each cell the first figure is for the CST total, and the remainder are

for the CTBS subtests: computation; concepts, and applications.

Consistently, the CST figuresiindicate that the matﬁeﬁatics CAl
curriculum is doing-what it was designed to do: viz., give students
drill-and-practice in mathematics éomputation. If &ou compare results of.
the one=year study at grade 4 with the two-year study ending at grade 4;
results for one.year are .63 and for two year; <99 of a §tandard deviation.
At the fifth grade the figurés'fo; one, two, and three years of MM CAI
are .76; 1.18 and 1.17 of a standard deviation. Students are learning
the mathematics CAI chriculum and are demonstrating superior pe;formance
;hen tested-on that qurriculum. fhe treatment effects for the MM group
when compared wit% cohort controls or ‘students in comparison schools also
demonstra?e superior performance. - :

-

The CTBS computation figures also demonstrate that the CAI mathematics

4

drill-and-practice curriculum can pfoduce significant effects on a
standardized test. When the MM grq;p is contrasted with th; RL group,
significant treatment effects for éne-year of CAI are ..28 and .52, for

two ye#rsv.59 and .57,‘aqd for three years .79 of a standard deviation.
Sﬁudents witﬁ three years of mathematics CAI functioq at .70 of a standard
deviation higher than students in the‘same schools without CAI and .45 of

a standard deviation higher than students in comparison schools.

>




Table 4-~55

Treatment Effects Given in Standard Deviations for
Mathematics Scores for the Longitudinal CAI Cohort, Grades 2-5

NG

Grdde 2 Grade 3 . Grade 4 Grade 5
.MM vs M (MM vs ML~ ' "MM vs RL | MM vs RL
Fe2zo0 = owloon Horess—= | Foetee—
CST .08 ‘ L67% .63% .76%
COMPUTATION g35* .38*% .28% .52%
CONCEPTS & .33* -.03 .06 -.10
APPLICATIONS o .04 “.10 -.16
PM vs RL (N = 87+) =
ST 1.17%
OMPUTATION - B .79%
NCEPTS & -.10
HKPPLICATIONS -.05
A
= 4
| vs RL (N = 134+) -
CST .99%
COMPUTATION . 59%
CONCEPTS & .21
APPLICATIONS .36
%MM vs RL. (N = 98+) ~
CST 1.18%*
COMPUTATION . .57%
CONCEPTS & X -.21
APPLICATIONS -.20
%MM & RL CAI vs Cohort Controls (N = 198+) ~
CST ; 1.26%* L46*
COMPUTATION . 70% .08
CONCEPTS & .18 .11
.APPLICATIONS .28 .22
MM & RL CAI vs Comparison School Students (N = 165+) =,
- N MM RL
CST ) 1.02* .11
COMPUTATION L45% -.03
CONCEPTS & -.03 -.02
APPLICATIONS ~ .29 .21
30
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with regard to concepts and applications, the only statistibally

significant treatment effect is in grade 2 when that portion of the test

.is-read -to- students. - In grades 3-5 when the word problems of the concepts

and applications subtests arelggg read to students, there are no étatisti-'

cally fignifiqant treatment effects. The Mﬁ condition may help students

with thevmathematics of fhe problems while the RL condition may be

helping with the reading. Some élight evidence for that exists when CAIL

students are compared to .their cohort controls or comparison students.

In thosg comparié%ns! the MM and RL students perform in very similar ways.
Reading. Table 4=56 presents an ovérview'of the reading results

for each of the one-year studies<and each of the reported longitudinal

studies for the grades 2-5 cohort. Reading results are mixed. Even for

the CSTs.baéed on the reading curriculum, the RL group's treatment

=

effects are statistically significant in grade 4 but not in grade 5 of

‘the one-year studies. For the longitudinal studies comparing the RL and

MM groups, one two-year study found statistically significant treatment

-effects while the three-year study and an earlfer less-approp;iate

two-year study did not. When RL students are contrasted with their

cohort controls, the RL students score a statistically significant .56 of

5

a standard deviation higher, but when they are contrasted with students

in comparison schools, there is no significant difference.-

For the CTBS data, the treatmént effect for reading comprehens »n in
the grade 4 one-year study is the only statistically significant treatment
effect with two exceptions. Significant treatment effects in reading
vocabulary are found for both the RL ;nd MM students when they Are
coﬁtrasted with their cohort coetrols. Overall, thé results are unclear.

Treatment effects are more likely to be positive than negative, but no

.strong pattern emerges.

4. _L




Table 4~56

Treatment Effects Given in Standard Deviations for
Reading Scores for the Longitudinal CAI Cohort, Grades 2-5

Grade 2

Grade 3

Grade 4

Grade 5

A MM vs M
" N=220+)

-

=

CST
VOCABULARY
COMPREHENSION

lRL vs MM

| ML vs MM
" N=199+)

-.15
~.16
-.29

" N=267+)

"I RL vs MM

P N=1714)

1 CST
VOCABULARY
COMPREHENSION

(‘RLVSMM (N=8
¥

CST
VOCABULARY
COMPREHENSION

CST
‘VOCABULARY .
COMPREHENSION

CST
VOCABULARY
| COMPREHENSION

| RL and MM vs Cohort Controls (N = 193
' 0] -

+)

=N

rison School Students (N = 158+)

. RL and MM vs Compa
ﬁ -

~l.csT
. VOCABULARY

COMPREHENSION

~
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Ladguagé. Table 4;57 presents ;n-overview of the.language results for
each of the one-year studies and eééh of the reported longitudinal studies for
the grades 2-5 cohort. fhe,CST results are consistent and are stat;stically
significant. The language CAl cu;riculum is gi;ing students drill-aqd-practiée
on a skill in which they can then demonstrate superior performance.

A demonstration of that skill oﬁ tbe CTBS subtests is much more:elusive.
Only a one-Year study at grade 4 produced ahy statistically significaﬁt
treatment effec;s. That .cell dlso contains the largest number of students.

' There appears to be some qonsi;tenc§ in the mecﬁﬁnics;and expreésion
subtests. Although the tfeatment éffécts gre'not statistically signifiéant,
they are uniformly positive and sometimes qpiﬁe high; If we look at meéhanics,
for instance, the three one-yea; studies éhow treatment effects of .10, .4I*;

'and +21 of a standard deviation, while the three within—CAI longitudinal °®
studies show effects of .40, .34 and .22 of a standard deviation.

Thé CAI treatment consisting of one session of reading and one of
iénguage contained the same amount o} CAi time as the treatment calling
for fwo se;sions of mathematicé. waever, the RL group recei?ed only

vhalf as ﬁuch of the CAI reading curricuium or the CAl language‘curficulumn
as MM s;udents;received of -the mathematics curriculum. Table 4-58‘gives

a comparison of the tréatﬁenﬁ eféects for language mechanics and mathematics
computat{oh. Very roughly, ihe figures for the treatment effects in-
langu#ge mechanicsrappear to be abouﬁ half the sizé of the effects for
computatién. This cou;d be related to the amount of CAI cxperienéed by

students, with 20 minutes per day in mathematics superior to 10 minutes

in language for producing treatment effects. ‘There has been fairly

" consistent evidence that greater exposure produces greater results.

. 313
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Table 4-57
Treatment Efrfects Given in Standard Deviations for . -
Language Scores for the Longitudinal CAI Cohort, Grades 2-5
Grade2 . Grade 3 Grade 4 Grade 5
(MM vs M -~ [ ML vs MM - RL vs MM ‘ | RL vs MM =~
; N=220+) = " (N=199+) I (N=267+) > ! (N=171)
CST - o Ja46* .65% ' .56%
SPELLING - ~-.12 .03 -.09
.. | MECHANICS - .10 . “L41% .21
EXPRESSION - .01 .33% .33
}_&L vs MM (N = 85+) -
CST . L 71%
SPELLING .06
MECHANICS .40
EXPRESSION %24
RL vs MM (N = 137+ a :
} v ( . ) =
CST .59%
SPELLING -.22
MECHANICS .34
EXPRESSION .15
. ;R_LstM(N=lO6),- .
CST - . 5 " 1.14%
SPELLING .02
MECHANICS .22
EXPRESSION . .13
. { RL and MM vs Cohort Controls (N = 193+) -
_ ' ’ RL MM
| csT . 1.06%  .45%
SPELLING S .20 .20
MECHANICS - - .49 47
EXPRESSION - .18 .16
1 RL and MM.vs Comparison School Students (N =.158+) A ~
o ‘ 'ig -.05
SPELLING Tl 1s
MECHANICS ‘8 -0
EXPRESSION ' BN
O Z.05 )
ERICS
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Table 4-58

A Comparison of the Treatment Effects for
. Language Mechanies. (10 min/day of instruetion and
Mathematics Computation (20 min/day of instruction)

Grade 3 Gréde 4 Grade 5
- . | Onesyear Studies ! > %7 = %;ﬁ v =~
LANGUAGE MECHANICS | .10 A J41% .21

MATE COMPUTATION | . 38 .28 52%

.

Longitudinal.

T
)

LANGUAGE MECHANICS

(N = 20 items) | .40
MATH COMPUTATION | -
(N = 48 items) ‘ ' L79%
| — —
LANGUAGE MECHANICS . .34

MATH COMPUTATION ' ‘ 59%*

T
Vv

LANGUAGE MECHANTCS .22
MATH COMPUTATION | - ‘ . - 57*

* P<: .05




- , The Grade 4 to Grade 6 Longitudinal Study

The grade 4 to grade 6 longitudinal study is summarized as follows:

- Grade 4 Grade 5 Grgde 6
MM > MM ——— 5 MM
) MRL ———> MRL ——— MRL -

RL » RL —3 RL
In yéar'l, the fourth graders were randomly.assigned to one of the three
treatment conditions: two .sessions of mathematics CAI daily (MM), one

session of reading and one of language daily (RL), or a combination of

- o

a

. ~ one sessipn of mathematics daily with a second session which altetngte&
between reading and language. The same cur;iculums were kept for three ”
consecutive years of the study. As it has been pointed out in the
one-year study; there are three levels of treatment qon&itions wfthr
regard to mathématics and reading and language-arts. The persistence of
the same treatment condition was expected to magnify the difference in
the tréatment effects. | )

One serious -problem develdped. Some non-readérs,.non-English-speaking
or'limited-English-speaking éﬁudents were randomly assigned to the RL or
MRL treatments. At the onsetuof the CAI l1lab in yearul, it became obvious'
that the pure reading and languag; condition (RL) was impossible'for

“them to follow and to a lesser extent so was the MRL coﬁdition. The CAI
coordiﬁatérs moved non-English-speaking students to mathematics but kept
doubtfulf2tudegts in their original assignments for a_month to six
weeks. If no progress was made, they then reassigned students to the

MM treatment. The inability of'the reading and'language curriculums to

adjust to the needs of students of low reading ability caused proﬁlems

v

]

o 310
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for the research design. Let us picture ‘the grade 4 conditions as

follows:

MM MRL ] RL

e - o .~ - -

Orig{h;lly there were three randomly assigned groups 6f students.

Because of the random assignment the groups were about ‘the same size and
had students of about the same ability level. When non-readers or

~ ‘non-English speaking students were removed from the RL.group, the RL

| group became smaller and developed higher pretest and posttest means as a

.result. Altﬁough such students wereAreassigned to the MM group after .

making no progress in reading or language, the computer logs showed them
Cag reéeiéing mathematics, reading, and language CAI,hi.é., as actual MRL

students.

'A;trition affected this longitudinal group more heavily than

others because of the implementation of the LAUSD desegregation plan.

-

All sixth—-grade sfudents from school 1 and 25 students from school 3 were

o

moved to schools where the CAI program could not be implemented. Differen-

-

tial attrition rates operating on the groups over three years further

<

complicated the longitudinal design for grades.4-6. The original fourth-

"

grade pretest means of the MM and MRL groups decreased.with attrition

~ -

over three years, while the pretest means of the RL group increased with

attrition.
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Results for the Longitudinal Data, Grades 4—6

Six sets-of dﬁalyses will be‘presentéd'in-this section. We will
present the following regressions:
(1) grade 4 (posttests) to grade 6: within CAI
- ;.‘ . (2) grade 4 (pos;tests) to gréde 5:. within CAI
| | "(3) grade 4 Cpreteéts) to grade 5: within CAI
(4) grade 5 (pretests) to érade 6: .within CAf
(5) CAi Vs, coh&ri controls .
(6) CAI vs. comparison schools

‘The flrst four analyses involve only CAI students. The last two analyses

-

LS

compare CAIL students with cohort controls in their own schools one yeaf'
later and with non-CAI .students in comparison schools.
Grades 4-6. ~Table 4=59 presents the results for the mathematics

regressionténalyses For the CST data, the treatment effects for the MM

»

and MRL groups are statistically significant. On the averagé, MM students

& —.

answered 11.36 more questions correctly than éid the RL group and are
almost one standard deviation abave them in CST performance in maghematics.
For the CTBS ‘data, statistically significant treatment effgcté Afe'found
in computation and math totai for both MM and MﬁL students. The MRL. students
also performed signifiéahtly better than the RL group in applicétions. )
Table 4-60 presents the reading fesults. None of the treatment

effects on the CST is Eignificant and only the treatment effect for the

MRL group on the CTBS vocabulary subtest 1s statistically significant.

@
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Table 4-59
Longitudinal Analysis for GRADE 4 to GRADE 6.
PERIOD = YEAR 1 to YEAR 3.
Posttest= CST AND CTBS (from CTBS) - Susject = MATHEMATiCS.

Treatment effects and posttest means by treatment group,
Schools = 2-4,

Treatment ‘Treatment (t) Posttest Residual '”Standardized

cST Group N Bffect: © 62df @ X °  SD SD - T.E.
PART A MM 34 - 6. 00 2.75 37.85 9,75 6.89 0,87
me 34 3071 . 1075 35050 10021 N : 0-54
RL 26" - 35,12 18,69 -
PART B MM 34 5.36 2,97 27,47 9.90 5,69 0.94
Lo ‘ MRL 34 . 5,07 2.89 26.32 9.59 0.89°
MATH MM 3 11.36 3,05 65.32 18,93  11.75 0.97
TOTAL MRL 34 8.78 2,43 61.82 19.33 0.75
' RL 26 - 61,23 14,03, -
Treatment Treatment  (t). Posttest Residual Standardized
CTBS Group | N .. Effect 62df X SD SD T.E.
COMPUTATIONS M4 32 3.42 2.02 32.16 9.59 5.31 0.64
MRL 35 3,99 2.47 30,34 8.83 0.75
CONCEPTS MM 32 0.82 ,0. 88 14.00 4,74 2,90 0.28
MRL 35 0,47 0.53 13.11 4,71 0.16
RL 27 - 15.48 3,52 -
APPLICATIONS MM 32 2.14 1.82 12.53 5,65 3,68 0.58
MRL 35 2.39 . 2,13 11.91 6.08 0.65
RL 27 - 13.33 3.56 -
MATH MM 32 6.37 2.48 58.69  18.17 8.04  0.79°
TOTAL MRL 35 6.85  2.80 55,37 17.40 "~ 0.85
RL 27 - 60.89  14.32 - R OR
(j 1!) !
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Table 4-60
Longitudinal Analysis for GRADE 4 to GRADE 6.
PERIOD = YEAR ] to YEAR 3. i
Posttest= CST AND CTBS (from CTBS) Subject = READING. B
Treatment effects ahd posttest means by treatment group,
. Schools = 2-4, -
Treatment Treatment (t) Posttest Residual Standardized
CST Group ~ N Effect 59df X SD SD T.E.
PART A w30 - 36.50 10,39  7.13 - -
MRL 34 4,38 2,07 . 39.79 9,44 0.6l
RL 29 3.23 1.40 - 42,72 7.65. 0.45
| o
PART B MM 30 - : 31.33 9,95 6.88 -
LT MRL 34 0.61 0.30 31.62 12.40 0.09
RL 29 2.04 0.92  36.03 9,97 0.30
READING M 30 - 67.83  19.49 12,52 . -
TOTAL . MRL 34 4,99 - 1.34 71.41 20.95 0.40
' ‘RL 29 . 5.28 1.30 78.76 15,75 0.42
Treatment Treatment (t) Posttest Residual Standardized. -
CTBS Group’ N Effect 60df X SD SD T.E.
'VOCABULARY M1 31 - 21,19 8.42 4,65 -
, MRL 35 3.34 2,47 23.63 8.47 0.72 °
" RL 27 2.71 1.79 26.85 7.84 0.58
COMPREHENSION MM 31 - - 24,84 9,71 5.01 -
, MRL 35 -1.00 -0.69 23.43 10.03 : -0.20
RL 27 -1.22  ,=0.75 27.78 9.26 -0.24
o, ) . H .
READING MM 31 - 46,03 17.32 8.24 -
TOTAL MRL 35 . 2.34 0.98 47.06 17.74 . 0.28
" RL 27 1.49 0.56 54.63 16.31 0.18
Jo
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Table 4-61 presents the language résults. Treatment effects on the

-
-

. _ '_ CST totals are statistically sigﬁif&cant fqr’both the RL and MRL groups.
‘Tpe RL group, with almost 7 more.questions correcg';n the average.than

. ’ fh;‘MM grouﬁ, i; about three-quarters of ¢ standard deviation above them

| ifi performance on the language CST. Although freatment effects on the

“ CTBS are all positive, none is significant.
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Table 4-61
Longitudinal Analysis for GRADE 4 to GRADE 6f
'PERIOD = YEAR 1 to YEAR 3.
Posttestf CST AND CTBS (from_CTBS) Subject = LANGUAGE.

Treatment effects and posttest means by treatment group,
Schools = 2-4, B ' :

2

66.11

- Treatment Treatment  (t) . Posttest Residual Standardized
CST Group N Effect 59df X SD SD T.E.
PART A oM 30 - 39.83 - 7.84  5.32 -
MRL 3 3.25 2.05 42.85 6.58 0.61
RL 29 4,37 2.53 45,90 6412 0.82
PART B M 30 - 34,97 7.38 4,57 -
MRL 34 2,01 1.48 37.18 ' 6.32 : 0.44
‘RL 29 2,39 1.62 . 39,97 5.12 0.52
LANGUAGE MM .30 -  74.80  14.36 8.94 -
RL 29 . 6,76 2.33 85. 86 10.71 0.76
Treatment Treatment  (t) Posttest - Residual Standardized
CTBS Group N Effect 60df X . 8D SD T.E.
SPELLING MM 31 - . 33,42 9.19 5.32 -
MRL 35 2,02 - 1.31 35.17 8.99 0.38
RL 27 1.15 0.66 38.04 7.94 0.22
MECHANICS M o3 - 11.42 4,19 2,98 -
MRL 35 0.66 0.76 11.97 4432 0.22
RL 27 0.26 0.26 13.52 2,97 0.09
EXPRESSION MM 31 - 19.00 7.23 3.69 . -
: MRL 35 0.52 0.47 18,97,  7.75 0.14
RL 27 0.81 0.67 22.74 6.43 0.22
NGUAGE MM 31 - . - 63.84 - 18.27 9.15 -
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Grades 4-5 (from CTBS, grade 4). Table 4-62 presents’ the mathematics:

results. For the CST dhtaz éhe.treatmént egfgcts for the MM and MRL_
groups are all étatistically significant. With l7}more questions
co?rectlon the average thén the RL group, the Mﬁ group is aboutil.A
standard deviations above thelkL gfoup in performance on the mathematics

CST. On the CTBS, treatment effects in computation and math total

>

. are stqtisticaliy significant. The MM group answered 4.15 more computaﬁion

questions correctly;than the RL group on the average and is about
three-quartefs of a stan&étd deviation above ;hem‘in performance on
mathematics computation. ui ‘ . ’ ;4 : .

Table 4-63 presents the reading resulté. None of the treatment -

effects for the CST or CTBS data is statistically significant.

Table 4-~64 presents the language results. For the CST data, treatment

- effects for the RL group are statistically significant. The RL groﬁp on

the average answered 6.14 more questions correctly than the MM group and;
is about .59 of a standard dgviatibn above them in performance on the

language CST. For the CTBS data, none of the treatment effects is

statistically significant.

B
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Table 4~-62
Longitudinal Analysis -for GRADE 4 to GRADE 5
PERIOD = YEAR 1 TO YEAR 2

Posttest= CST & CTBS (from CTBS) . Subject = MATHEMATICS

Treatment effects and posttest means by treatment group,
Schools-= 1-4,

Treatment Treatment (t) Posttest: Residual Standardized
CST Group N Effect 133df X SD SD T.E.
PART-A MM 56 9.59 6.61  33.66 11.75 6.83 1.40
MRL 54 5.32 3.74 28.50 12,41 0.78
RL 50 - 27.40  10.09 -
PART B MM 56 7.60 5.57 30.34 9,22 6,42 1.18
MRL 54 4,82 3.61 27.06 10.90 0.75
RL 50 - 25.24 8.26 -
MATH MM 56, 17.19 6.67 64.00 20.39 12.13 1.42
RL 50 - 52.64  17.46 -

Treatment Treatment (t) Posttest Residual  Standardized
CTBS Group N Effect 137df X SD SD T.E.
COMPUTATION MM 53 4.15 3.66  27.15  9.00 3 49 0.76
MRL 57 3.29 2.98 24,98 9,16 . , 0.60
RL 53 - 24051 9036 - -—
CONCEPTS MM 53 0.68 1.23  12.43 3.75 2.67 0.25
. MRL 57 -0017 -0031 11054 4009 "0-06
RL 53 - 12.79 4.31 -

. i @

APPLICATIONS MM 53 0.43 0. 58 9,79 4,99 3.59 0.12
: MRL 57 _1.00 1.39 10.00 4,88 0.28
RL 53 - 10.40 5.14 -
MATH MM < 53 5.26 2.97 49.38  14.92 8.59 0.61
RL 53 - 47.70  16.59 -
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- Table 4-63
Longitudinal Analysis for GRADE 4 to GRADE 5
PERIOD = YEAR 1 TO YEAR 2

Posttest= CST & CTBS (from CTBS) Subject = READING

Treatment effects and posttest means by"treatmedt group,
Schools = 1-4.

Treatment Treatment (t) Posttest Residual Standardized -
CST . Group N Effect 129df X SD SD T.E.
PART A MM 53 - 36,75 10.43 6,40 -
MRL 54 -0.50 -0.38 36,41 10.80 -0.08
RL 51 1.98 1.44 42,57 7.42 0.31
PART B MM 53 - . 31.53  11.87 7.64 -
, MRL 54 -1.18 -0.74 30,70 12.98 -0.15
RL 51 . 101 0.62 37.65 10.57 0.13
READING M 53 - 68.28 21.56 12,77 -
TOTAL MRL 54 -1.68 -0.63 67.11 22.74 -0.13
RL- 51 2.99 1.09  80.22 17.47 0.23
Treatment Treatment (t) Posttest Residual Standardized
CTBS Group ' N Effect  127df X SD SD . T.E. _
VOCABULARY MM 48 - 19.65  6.81  4.39 -
‘ MRL 56 0.11 0.13 19.14  8.76 0.03
RL 51 0.09 0,10 22,02  8.23 0.02
COMPREHENSION MM 48 - 21.13  7.94 5.16 -
: MRL 56 -0.82 -0.77 19.63 - 9.32 -0.16
RL 51 -0.20 -0,18  23.16  9.23 : -0.04
READING MM, 48 - 40.77 13.61 7.95 -

RL 51 ~-0.11 =0.06 45.18 16.60 -0.01
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Table:4-64
Lgngitudinal Analysis for GRADE 4 to GRADE;S
PERIOD = YEAR 1 TO YEAR 2 -
. Posttest= CST & CTBS (from éfBS) Subject = LANGUAGE

Treatment effects and posttest means by treatment group,
Schools = 1-4,,

Treatment Treatment (t) Posttest Residual Standardized

N Group ' N Effect 129df X SD SD _ T.E.
MM 53 - E '39.92 9.61 6.64 -
MRL 54 1.84 1.33 41.81 9.77 0.28
RL. 51 3.61 2.54 . 46.63  7.76 : 0.54
MM 53 - : 37.64  7.77 5.63 -
MRL 54 0.01 0.01 37.52 10.01 ' 0.00
RL 51 2.53 2.09  43.22  8.49 0.45 =
LANGUAGE MM " 53 - 77.57  16.05  10.32 -
'TOTAL - - MRL 54 - 1.85 0.86 79.33  18.44 - 0.18

: ' RL ° 51 6.14 2.77 89.84 15.23 ‘ 0.59

g . Treatment ‘Treatment =~ (t) Posttest Residual Standardized
CIBS - . Group . N » Effect 127df X SD SD : T.E.
| SPELLING MM 48 - - 32,71 7.08 5.17 -

: MRL 56 -0.31 -0.29  31.89  9.05 -0.06
MECHANICS w48 - 10.65  3.71  2.88 -
L - MRL = . 56° 0.90 ~  1.52  10.89 4.92 ) 0.31

RL 51 0.28 - 0.45  11.86  3.91 0.10

EXPRESSION MM 48 - 17.52  6.29  3.92 -
e N ) _MRL . . 56 . -1-13 -lo 39 15-96 ) 6. 73 . ) -0-29
RL 51 -"1057 ) -l- 89 170 96 7- 10 ‘ ’ -0- 40
LANGUAGE MM 48 - - 60.88 14.71 8.78 -
TOTAL .+ MRL 56 .  =0.53 -0.29 , 58.75 18.60 o ~0.06
o ‘ RL - 51 . 0.07 0.04 . 66.21 17.74 0.01
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Grades 4=5 (from ITBS, grade 4). Table‘4-65 presents. the mathematics -

results when the regreséion analyses use the ITBS data as pretests.

For the CST data, treatment effects for the MM group are statistically

o A3

significant. The MM group answered 15.46 more questions correctly on the

average than the RL group and is more than one standar& deviation above
that group in performance on the mathematics CST. Treatment effects for fhe:ﬁM  .
group are also statistically significant in CTBS computation ‘and CTBS -

) o .
< »> . ©

mat?ematics total. In computation the MM group answered 3.77 more questions
corre;tly thanLthe RL‘grouﬂ and is almost two-thirds of a stanﬁérd
deviation above them in performance.’ |

Tablé“4f66 prééents the reading results. For the CST toéal, the ‘
treatmeqé.effect for the RL group is statisti;ally signi%icant, and that
group is almost half a sfahdard deviation above the MM~grohp in perforﬁ;qce
on the reading CST. None of the tréatment e@fects for the CIBS data is .
statistically-significant. |

Table 4-67 presents the language results. Again the RL group's
treatment effect on the CST is statistically significant, but the MRL
8fqpp;s is not. On the CIBS only the treatment effect for thétRL group

in spelling is statistically significant.
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" Table 4=65

Longitudinal Anaiys;s for GRADE 4 to GRADE 5

PERIOD = YEAR 1 TO YEAR 2

Posttest= CST &'CTBS (from ITBS) Subject = MATHEMATICS ) T

Treatment effects and posttest means by treatment group,

Schools = 1-4.

] Treatment Treatﬁent (t) Posttest Residual Standardized
CST Group N Effect 85df X SD SD T.E.
PART A M 45 8.57  4.67 34,04 11.91  8.23 1.04
e MRL 49 2.52 - 1.39 27.86 12.30 0.31
RL 46 - 27.83 10.18 -
_ PART B MM 45 T6:89 - 4,47 30,47  9.33 6,92 0.99
' MRL 49 3.02 . .1.98 26.63  10.87 0.44
RL 46 - 25.37. 8.48 _ -
MATH M 45 15.46  4.94 64,51 20.61. 14.05 1.10 .
TOTAL MRL 49 5,54 . 1.79 54.49  22.58 0.39
c RL 46 - _ 53.20° 17.74 . .-
o » ‘Treatment Treatment (t)  Posttest Residual Standardized
CTBS » Group N Effect 904f X SD SD’ T.E.
COMPUTATION MM 44 3.77, '2.92 26.80 8.89 5.97 0.63
 MRL 51 1.50 1.20 - 24.76 8.78 " 0.25
“RL 49 - 24.86 9,04 -
CONCEPTS MM b4 0.57 0.96  12.64  3.66 2.75 0.21
MRL 51 -0.40 -0.69 11.51 4,10 -0.15
RL 49 - 12.65 4,29 -
APPLICATIONS MM 44 0.25 0.32 10.00 5.00 3.68 0.07
B -~ 7 MRL 51 0.46 0.59 10.14 5.02 0.12
RL 49 - 10.61  5.26 -
MATH MM 44 4,60 2,23 49.43  15.19 9.53 . 0.48
TOTAL MRL 51 1.56 0.78 =~ 46.41  16.31 0.16
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Table 4-66

~

Longitudinal Analysis for GRADE 4 to GRADE 5

PERIOD = YEAR 1 TO YEAR 2

Posttest= CST & CIBS (from ITBS) Subject = - READING

Treatment effects and posttest means by treatment group,
Schools =.1-4,. :

/'

Treatment Treatment (t)  Posttest Residual Standardized
CST , Group A N Effect 79df X SD - 8D
_ PART A M 45 - ‘ 36.53 " 10.61 7.23 - .

MRL - 50 -=0. 80 -0.51 36.16  10.56 -0.11
- *RL 49 4,04 2,49  42.57  1.56 , 0:56
PART B M 45 - 31.60  12.07 8. 44 -

'MRL 50 -2,07. -1.13 30,32 12.74 o -0.25 )

RL 49 3.14 1.66 37.98 10.67 0.37

" READING . MM . 45 - ' 68.13  21.91 14.46 -

TOTAL MRL 50 -2.88 -0.91 66.48 22,15 -0.20

RL 49 7.18 2.22 80.55 17.74 0.50

- Treatment Treatment (t) < Posttest Residual Standardized

CTBS " Group N Effect 78df X SD SD ___T.E.
VOCABULARY MM 42 - 18.93  6.15 4,64 .-

MRL . 51 0.37 0.36 19.47 8.53 0.08

RL . 49 . 0.38 0.37 21.57 8.16 0.08
COMPREHENSION MM 42 - . 20.93  8.00 4,98 -

MRL 51 ~1.42 -1.31 '9.67 - 9,19 : -0.29

RL ' 49 -0033 ,"0.29 22.92 9.04 - "0'07
READING MM 42 - 39.86 13.09 8.15 -

" RL 49 . 0,05 .0.03 44,49  16.34 < 0.01
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Table 4-67 .
Longitudinal Analysis for GRADE 4 to GRADE 5
PERIOD = YEAR 1 TO YEAR 2
Posttest= CST & CTBS'(fme ITBS) Subject = LANGUACE

5~Treatment effects and posttest means by treatment group,
Schools = 1-4, S :

Treatﬁent' | Treatment (t) Posttest Residual Standardized
CST Group N Effect 79df X sD sD T.E.
PART A MM 45 - 39.09 10.74 7.63 -
RL 49 4,84 2.83 46,41  7.84 . 0.63
PART B MM 45 - ' 37.20 8.16 - 6,40 , -
MRL 50 -0.38 -0.27 37.12  10.05 3 -0.06
'RL 49 3.99 2,79 43.31  8.68 L 0.62
LANGUAGE MM 45 - 76.29 17.48 12,00 ° -
TOTAL MRL 50 1.62 0.62 78,70  18.59 0.14
RL 49 8.83 3.29 89.71 .15.52 ‘ 0.74
‘Treatment , Treatment (t) Posttest Residual Standardized
CTBS Group N Effect . 78df X SD - 8§D T.E.
SPELLING MM 42 - . 32,57 7.55 5.37 , -
MRL 51 -1.37 -1.17 31.69  9.07 -0.26
RL 49 2,46 2,06 36.47  8.73 0.46
MRL 51 0.89 1.30 11.12  4.84 1 0.29
RL 49 1.05 1.51  12.08  3.93 , 0.34
EXPRESSION . MM 42 - 17.36 6,49 3.83 -
- MRL 51 - =1.53 -1.83 15.86  6.58 ~0.40
RL 49 -0.47 -0.55 18.35  7.26 -0.12
LANGUAGE MM 42 - . 60.29 15.66  9.11 -
TOTAL MRL 51 -2.01 -1.01 58.67 18.28 -0.22 -
RL 49 3.04 1.50  66.90 18.09 0.33

- 360
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Grades 5~6. Table 4-68 presents fhe mathematics results for the
CAI cohort in grades 5-6. Treatment effects on the mathematics CST
. }

total are statistically significant for the MM group but not for the MRL

group. For the CTBS data, none of the treatment effects is significént.

- y - -

. . L
v Table 4=~69 presents the reading results. None of the treatment

effects is significant.

Table 4=70 presents the language results; For the CST total,

the treatment effect for thg RL group ;é statistical;y significant. For

the CTBS data, none of the treatment effects is significant.
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Table 4-68

PERIOD = YEAR 2 to YEAR 3 .

Posttest= CST & CTBS '(from ITBS) = Subject = MATHEMATICS

Treatment effects and posttest means by treatment group,

Schools = 2-4,

362

‘ Treatment. Treatment-! (t) Posttest Residual
CST " Group N Effect 85df _X SD SD,
PART A MM 37 3.22 1.76 39,08 9,96 6.30
MRL 44 . 2,20 1.27 35.66 10.73 :
RL 28 - 25.21  8.67
PART B MM 37 3.99 2.35 29.08  10.49 5,85
MRL 44 3.15 1. 96 25,70  10.44
RL 28 - 25.96 7.02
‘ .
MATH MM 37 7.20 2.24  68.16 19.70  11.11
TOTAL MRL 44 5,35 1.75 61.37 20.70 +
RL 28 - . 61.18 . 14.97
: Treatment Treatment (t) Epsttest Residual
.. CTBS . Group N Effect 94df X SD SD
COMPUTATION = MM 37 2.01 1.06 33.19  .9.71 7.08
: MRL 44 1.62 0.89 30.95 8,73
RL 33 - : 31.79 8.32
CONCEPTS MM 37" =-0.08 —0.11  14.14 4.2% 2.97
MRL 44 -0.64 -0.84 12.96 47 1
RL .33 P - 15.24 3,58
APPLICATIONS MM 37 0. 80 0.73 13.08 / 5.99 4,08
: MRL A 1.48 1.41 12.16 6,37
) RL 33 - 12.94 5,50
MATH MM 37 2,73 0.91  60.41 18.83  11.27
TOTAL MRL 44 2,46 0.85 55.82 18.06
- RL 33 - 59.97 14.24

Standardized
T.E.

Standardized
T.E.




PART A

.PART B

READING
TOTAL

CTBS

VOCABULARY

CST

Longitudinal Analysis for GRADE 5 to GRADE 6

PERIOD = YEAR 2 TO YEAR 3

Tab?e 4-99

~1l44-

o

Posttest= CST & CTBS (from ITBS) = Subject = READING

Treatment effects and posttest means by treatment group,

Schools = 2-4,

~

Standardized

. COMPREHENSION MM

READING
TOTAL

i

Treatment Treatment (t) Posttest Residual
Group N Effect. 79df X SD SD T.E.
MM 3. - 37.15  11.62 6. 60 -
MRL 42 0. 84 0.47 38,41 10.14 0.13
RL 30 1.42 0.76  41.53"  8.29 10,21
MM 33 - . 31,09 11.38 6.73 -
MRL 42 0.34 - 0.19 30.79  12.56 0.05
RL 30 2,39 1.26 34,93 10.86 ‘ 0.35
MM 133 - 68,24 21,96 11.95 -
MRL 42 1.18 " 0.36 69.19  22.13 | 0.10
RL 30 3.80 7 1.13 76,47 17.59 0.32
_ | k
Treatment " Treatment (t) Epsftest Residual Standardized
Group ‘N Effect .. 78df X SD SD T.E.
Y 35 - 21.94  8.43 5.97 -
MRL 40 2.84 1.77 22,98  8.53 0.48
. RL 31 1.70 1.00  25.84  8.94 0.28"
: \ ' ,
35, - : 25.60 _ 10.10 6.77 -
MRL 40 -0.58 -0.32 - 23.65, 10.63 -0.09
“RL 31 -1.62 -0.84 26,42 9.72 =0.24
: 1 )
MM 35 L= 47.54  17.74  11.73 -
MRL 40 2426 0.72 * 46.63 19.48 0.19
RL 31 0.09 0.03  52.26 18.06 0.01
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Table 4-~70

Longitudinal Analysis for GRADE 5 to GRADE 6

PERIOD = YEAR 2 TO YEAR 3

Posttest= CST & CTBS (from ITBS) Subject = LANGUAGE

Treatment effects and posttest means by‘tréatment group,
" Schools = .2-~4. v

ll.
Standardized

~Treé§ment :+ Treatment (t) - gpstteét Residual
CST Group N Effect 79df X: SD SD T.E.
"PART A MM 33 = . 40,46 8.33 5.31 -
MRL 42 0.68 0.47 42,10 7.24 0.13..
, RL 30 2.90 1.94 45,33 6.19 0.55
~— ) ' N
" PART B MM 33 toa 35,49 ° 7.63 4,70 -
' MRL 42 1.14 0.90 36.33 6.81 0.24
RL .30 2.37 1.79 39,53  5.41 0.50
LANGUAGE MM 33 - 75.94 15,41 9.27 -
TOTAL MRL 42 . 1.83 0.72 78.43 13.56 o : 0.20
RL 30 5,27 2.01 84.87 11.05 0.57
Treatment Treatment (t) Posttest Residual - Standardized
CTBS Group N ‘Effect 78df X SD .. SD T.E. -
- . T .
SPELLING MM 35 - 33.86 9,31 6+ 53 -
MRL 40 0.78 0.45 - 34,45 . 9,87 i 0.12
RL - 31 -0.36 -0.20 , 37.42 | 8,72 g -0.06
MECHANICS MM 35 - 11.94 4,11 3.06 - -
- MRL 40 0.82 1,00 11.90 - 4.15 0.27
RL 31 0.55 0.64 13.13 3.67 0.18
EXPRESSION W 35 L - 19.91 7.71  5.11 -
' - MRL 40 0.75 ©  0.55 19.03 7.56 0.15
RL 31 ‘00 18 00;2 210 71 ’ 70 ll i 0-04
LANGUAGE | MM 35 - 65.71 - 18.65 12.20 -
TOTAL MRL 40 2.35 - 0.72 65.38 . 20.05 0.19
RL 31 0.36 0.11 72.26 17,40 0.03
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Grades 4=6: CAI vs cohort controls. Table 4-~71 presents the
mathematics results when CAI students are compared to cohort controls in
the”same schools one year later without CAI. For the CST data, all of

. 3
the treatment effects are statistically significant, even those for the

RL‘group. For the CTBS data, none of the treatmerit effects is significant.:

Table 4-72 presents the reading results.” None of the treatment

effects is statistically significant. . - T

3

Table 4-73 presents the language resuifs. For the CST total, the
éreatment effecﬁs for the RL and MRL groups ;re stafistically significant.
The adjusted mearn score for the RL group is 7.75 items higher.than the
: [ s
adjusted mean for the cdhor; controls,;énd Ehe RngfoupLis two-thirds of

a standard deviation higher in performance on the language CST. For the

‘C}BS data, none of the treatment effects is statistically significant.

|
-

-
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Table 4-71
Longitudinal Analysis for GRADE 4 to GRADE 6: CAl vs. COHORTS
PERIOD = YEAR 1 TO YEAR 3
Posttest= CST & CTBS (from ITBS) Subject = MATHEMATICS

Treatment effects and posttest means by treatment group,
Schools = 2=4. '

Treatment Treatment (t) Posttest Kesidual Standardized

CST" Group N Effect 168df X SD SD T.E.
PART A M1 27 8.36 5.09  38.37  9.06 7.44 1.12
MRL 27 5.52 3.27 35,11 10.11 0.74
RL : 23 3.81 2.13 35,61 8.24 ) 0.51

COHORT - 102 - 29,10 - 8.60 -
- PART B MM 27 6.28 4,33 27.48 9.09 6.58 0.95
MRL 27 5.46 3.65 26.26 9,87 0.83
RL 23 3.75 2.38 26.52 6.16 0.57

COHORT 102 - 20.67 7.08 -
‘ MATH .MM 27 14.64 5.02 65.85 17.56  13.22 1.11
TOTAL MRL 27 10.98 3.66 61.37 19.45 0.83
RL 23 7.56 2.39 61.13 13.50 0.57

COHORT 102 - 49.77 15.08 _ -

Treatment Treatment (t) Posttest Residual Standardized

CTBS Group N Effect 170df X SD SD T.E.
COMPUTATION MM 25 0.62 0.37  32.00 9.15  7.37 0.08
MRL 28 -1.25 -0,76 29.96 8.87 -0.17
RL 24 -0.54 -0.31 32.13 8.72 : -0.07

COHORT 104 - 30.95 8. 64 -
CONCEPTS MM 25 0. 64 0.86 14.44 4.67 3.27 0.20
MRL 28 -1.11 ~1. 53 12093 4. 86 . -0. 34
RL 24 0.21 0.28 15.33 3.59 0.06

COHORT 104 - 13.86 3.92 -
APPLICATIONS MM 25 0.30 0.32 13.04 5.47 4.14 0.07
' MRL 28 -0.84 -0,91 12,04 6.32 - . " =0.20
RL 24 . ‘-1006 -1009 13021 5086 . "0-26

COHORT 104 - 12.49 5,28 -
MATH - M 25 - 1.56 0.57 59.48 17.77 12.10 0.13
TOTAL . MRL 28 -3.20 -1.19 54.93 18.29 ~0.26
RL 24 -1.39 ~=0.49 60.67 14.73 -0.11

COHORT 104 - 57.30 15.71 : -

366




-148-

Table 4=72

Longitudinél Analysis for GRADE 4 to GRADE 6: CAI vs. COHCRTS

PERIOD = YEAR 1 TO YEAR 3

Posttest= CST & CTBS (from ITBS) Subject = READING

Treatment effects and posttest means by treatment group,
Schools = 2-4.

Treatment - Treatment (t) Posttest Residual

Standardized
CsT Group N Effect 156df X SD . 8D T.E.
PART A M .25 ~2.46.  =1.27 40,40  6.93  8.31 -0.130
MRL 28 0.72 0.38  42.93 6.20 ©0.09
RL . 28 2.17 1.13 45,61 . 6.03 0.26
COHORT 90 - v 41,34 7.28 L
" PART B MM 25 0.25 0.12  34.76  7.32 8.48 0.03
MRL 28 0.51 0.26  37.50  6.29 0.06
RL 28 2.68 1.38  39.96 5.21 0.32
COHORT 90 - : 34,48 10.09 -
READING MM .25 -2.22 -0.62 75.16 13,37 15.26 -0.15
TOTAL MRL 28 1.22 0.35  80.43 “11.79 “0.08
RL 28 4,85 1.38  85.57 10.79 0.32
COHORT 90 - 75.82 16.18 s
. Treatment Treatment (t) Posttest . Residual Standardized
CTBS Group N Effect 164df X SD SD T.E.
VOCABULARY MM 26 -2.05 -1.45  21.69  8.02 6.19 -0.33
MRL 29 0.36 0.26.  23.79 7.64 0.06
RL 26 0.19 0.13  26.39  7.61 0.03
COHORT 98 - . 23,16 8. 30 -
COMPREHENSION MM 26 0.74 0.49  25.62 9.99 6.61 0.11
MRL 29 -1.60 -1.08  23.17 9.41 -0.24
RL 26 -0.33¢  =0.21  27.19 8. 94 -0.05
COHORT 98 - : 23.66  8.48 -
 READING MM - 26 -1.32 -0.50 47,31 17.19  11.55 -0.11
TOTAL MRL 29 -1.24  =0.48 46,96 16.12 -0.11
RL 26 -0.15 -0.05  53.78 15.70 -0.01
COHORT 98 - 46.83 15.88 -




=149~

Table 4-73

Longitudinal Analysis for GRADE 4 to GRADE 6: CAI vs. COHORTS

PERIOD = YEAR 1 TO YEAR 3

Posttest= CST & CTBS (from ITBS)

Treatment effects and posttest means by treatment group, .

Schbqls - 2-4,

L Treatment

o]

PART A

PART B

LANGUAGE
TOTAL

"CTBS

SPELLING

MECHANICS

EXPRESSION

LANGUAGE
TOTAL

Groug

MM

MRL

RL
COHORT

MM
MRL
RL
COHORT

MM

MRL

RL
COHORT

Treatment
: Groug

MM
MRL
RL

- COHORT

MM

MRL

RL
COHORT

MM

MRL

RL
COHORT

MM

MRL

RL
COHORT

Subject = LANGUAGE

358

Treatment (t) Posttest Residual Standardized
N Effect 156df X SD SD . T.E.
28 2.04 . 1.55  40.25 _9.09 0.36,
28 3.59 " 2.73 42.89 7.74 0.63
90 - ‘ 39.06 10.03 -
25 0.29 0.17 30.96 10.29 7.30 0.04
28 3.58 2.14 31.54 11.92 ' 0.49
28 4,16 2.48 36.11 10,14 0.57
90 - 30014 11018 -
25 -0.54 * =0.20  67.68 19.90  I1.75 ~0.05
28 5.61 " 2.08 71.79 19.96 0.48
28 7.75 - 2.87  79.00 15.98 0.66
90 - 6~9047 19083 - °
’ Treatment () Posttest Residual Standardized
N Effect l64df X SD SD T.E.
26 -0.66 -0.49 34,04  9.34 5.91 -0.11
29 0.71" 0.54 - 35,41 8.44 0.12
.26 0. 66 2 0.47 - 38.31 7.97 0.1;
98 - ‘35.05 ~15.88 -
26 "0039 -0054o 11039 4012 3.20 -0.12
- 29 0.66 0.92 11.97 4,35 0.21
26 1.01 1.32 13.50 3.03 0.32
98 - 11.58 3.87 -
26 -0.57 -0.53 19.34 7.19 4,69 -0.12
- 29 -0.49 -0.47 19.14 7.70 -0.10
26 0.58 0.52 22.31 6.16 0.1z
98 - 19.16 6.08 -
29 0.88 0.37 66.52 18.65 0.08
26 2.24 0.88 - 74.12 15.40 0.21
98 - 65080 140 98 -
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Grades 4-6: CAI vs compdrisons. Table 4-74 presents the mathematics

results when CAI students‘ane~c6mpared with students in Schools 5 and 6
without CAI. There are no statistically significant treatment effects,

although one can see in the CST data the expected pattern of effects

within the three CAI groups.

" Table 4-75 presents the reading results. Only the negative treatment
effect for the MM group on part A of the CST is stétistiqally significant.

For the CTBS data, treatment effects for the RL and MRL groups in vocabulary

v

are strongly positive although not significant.
Table 4-76 presents the language results. For the CST data, treatment
effects for the RL group are statistically significant. None of the

2

treatment effects for subtests of the CTBS is significant.
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Table 4-74-

Longitudinal Analysis for GRADE 4 to GﬁADE 6: CAI vs.  COMPARISONS

PERIOD = YEAR 1 TO YEAR-3

K

‘Posttest= CST & CTBS (from ITBS)

Subject ="MATHEMATICS

Treatment effects and posttest means by treatment group,

Schools = 2=4 vs. 5-6.

B

Treatment : . Treatment (t) gpsttest Residual Standardized
CST .__Group N Effect - 163df X SD SD T.E.
PART A MM T 30 3,09 1.77  38.50 . 9.60  7.74 0.39
s MRL - . 32 2.38 1.29 - 36.41 9,93 0.31
~ . RL 25 -1.10 -~ =0.58 35,40 - 8.42 -0.14
COMPARISON 85 - - 35.45  10.40 -
'PART B MM 30 T 0,94 0.56  27.87  10.02  7.43 0.13
' MRL 32 1.19 0.67 26,69  9.43 0.16
RL- . 25 -1.74  =0.95 26,20  6.20 -0.23 .
COMPARISON 85 . - 26,85 10.26 Y-
| MATH M 30 4,03 1.26 66,37 19.10  14.40 0.28
TOTAL MRL 32 3,57 .. 1,04  63.09 18.73° 0.25
o RL 25 -2.85  =0.80" 61.60 13.79 -0.20
COMPARISON 85 - ‘ 62.29  20.18 -
. Treatment Treétment (t) Posttest Residual Standardized
| CTBS Group N Effect 162df X SD SD T.E.
COMPUTATION MM 28 -1.42  =0.79  32.46  9.54 7.67  =0.19,
oy MRL 33 =2.16 -1.21 30.76 8,42 -0.28
. RL 26 =2,46  -1.32 32,27 8,40 -0.32
COMPARISON 84 - 34,56 9,61 T
- CONCEPTS M 28 5.30  0.39  14.89  5.03 3.38 0.09
MRL 33 -0.84 " =1.07 13.18 4,70 -0.25
RL 26 0,47 0.58 15.50 3.52 0.14
. COMPARISON - 84 - 14.99  5.10 -
“APPLICATIONS MM 28 0.19  .0.17  13.43  5.89 4.93 0.04
MRL 33 0.28 0.24 12.79.  6.33 ’ 0.06
RL 26 ~0.53  =0.44 13,27  5.80 -0.11
COMPARISON 84 - 13.21 - 7.01 -
‘MATH MM 28 -0.92  =0.30 . 60.79 19.15 . 13.07 -0.07
TOTAL MRL 33 - . =2,73  =0.89 ° 56.73 17.65 : -0.21 .
' RL 26 ~2.51  =0.79  61.04 14.29 : -0.19
" COMPARISON 84 > 62.76  .19.40 -

370
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Table 4=75
Longitudinal Analysis for GRADE 4 to GRADE 6: CAI vs. COMPARISONS
PERIOD = YEAR 1 TO YEAR 3
vPosttest= CSTWA7CEBS,(ftom.ITBS) ‘Subject = READING

Treatment effects and posttest means by treatment group,
Schools = 2-4 vs. 5=6.

. Treatment Treatment (t) -Posttest - Residual Standardized
CST Group - N Effect =~ 170df X . SD SD T.E.
. PART & ' MM 28 -4,39  =2.60  37.07 10.74 7.22 -0.61
MRL 33 -00 69 -0042 40042 80 88 . . -0-10
RL .30 ¢ 0.85 0. 50 43,17 7.55 0.12
COMPARISON 92 - 40,77 8.10 B -
PART B o 28 -0.18  =0.10  31.61 10.75  7.95 -0.02
. MRL ' 33 0.64 0.35 31.82  11.69 0.08
N RL 30 2,79 1.50 36.57 9.79 _ 0.35
j " COMPARISON 92 - 32,05 10.99 - - ° -
READING MM 28 =457  -1.39  68.68 20.76  13.99 -  -0.33
RL 30 3.65 1.11 79.73  15.68 - 0.26
COMPARISON 92 - 72.83  18.30 -
" Treatment _ Treatment (t) Posttest ResidgalrStaﬁdardaéed
CTBS Group - N Effect 171df X SD SD T.E.
/4/ . \ v
VOCABULARY MM 29 -0. 06 -0.05 22.17  8.89 5.97 -0.01
f MRL 34 2,32° 1.70 23,62 . 7.99 4 - 0.39
- RL 28, 2.61 1.83  26.89  7.70 * . 0.44.
COMPARISON 93 - ‘ 22,71 -8.86 ) , -
COMPREHENSICN MM 29 0.96 0.60 26.31 - 10.64 6.86 0.14
JMRL 3 -0.81  -0.52 23.74 9.95 -0.12
RL. .28 0.16 - 0.10 27,50 8.81. 0.02
COMPARISON 93 - ) 24,82 10,25 -
READING M1 29 0.90 0.33 48,48 18.83  11.82 0.08
TOTAL o MRL 34 .“lo 51 00 56 - 470 35 » 170 09 0-13
RL .. 28" 2,77 0.98 54,39 15.69 0.23
COMPARISON 93 , = ° 47.53  18.51 =
0 371

 ———— e —— . AA— e
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Table 4-76

Longitudinal Analysis for GRADE 4 to GRADE 6: .CAI vs, COMPARISONS
PERIOD = YEAR 1 TO YEAR 3
° Posttest= CST & CTBS (from ITBS) Subject = LANGUAGE

Treatment effects and posttest means by treatment group,
Schools = 2-4 vs. 5-6.

. Treatment Treatment (t) * Posttest Residual Standardized
CST Group N  Effect 170df X sb_ . SD . T.E.
PART A MM . 28 © =0.33  -0.27 41.04 7.29 5.11 -0.06

MRL .33 2.26 1.91  43.00 6,18 , 0.44
RL 30 3,60 3.01 .« 46.00 - 6,07 0.70
COMPARISON 92 - 41.40 6,76 : .-
PART B o 28 -1.57  =1.39  35.79  7.77 4.83 -0.32
' MRL 33 1.14 1.02, 37.64  6.39 0.24
RL 30 | 2,65 2,34 40.33 5.48 0.55
] COMPARISON 92 - 36.83 6.15 -
LANGUAGE MM 28 -1.89  -0.90  76.82 14.26 8.99 -g.21 i
' TOTAL MRL - 33 - 3.40 1.64 80.64  11.82 0.38
‘ - RL . 30 6425 2.97 86.33 11.11 . 0.70
COMPARISON 92 - : 78.23  12.15 -
- Treatment Treatment (t)  Posttest Residual Standardized
CTBS Group N Effect 171df X SD SD T.E.
SPELLING MY 29 -1.03  .=0.65  34.79  9.05 6.82  =-0.15
: MRL 34 . =0,27 -0.17 35.71  8.49 -0.04
RL. 28 0.55 0.34 38.21  8.14 0.08
COMPARISON 93 - 36.24 9.11 0 -
MECHANICS M 29 -0.69  =0.93  11.69  4.53 3.22 -0.21
* MRL 34 0.51 0069  12.21  -4.44 ©0.16
. RL 28 0.86 1.12 13.71  3.09 - 0.27
COMPARISON 93 - ‘ 12.77 4,02 -
EXPRESS ION MM 29 . -0.56  =0.49  19.93 . 7.91 4,92 -0.11 o
MRL : 34 -0.35 -0.31 19.44 7,84 - =0.07
RL 28 0.60 0,51  22.50 6,07 ' 0.1z
COMPARISON 93 Lo 19.96  6.61 -
LANGUAGE Mt . 29 . -2.29  -0.80  66.41 ' 18.90  12.36 - =-0.18
TOTAL MRL 34 -0.10  =0.04 - 67.35 19.09 . - 0.01
' RL 28 2,01 0.68 74.43  15.53 0.16
COMPARISON 93 . - 68.97 17.63 -

372
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‘Discussion for Grades 4=6

Discussion of ;hg‘daté from the fourth- through sixth-grade longi-
tudinal study will focus on the three curriculum areas: mathematics,
reading, and langqage'artgs |

Mathematics. T%blef4t77 pregents ah overview of the CAI treatment
effects’in standard-déviation ﬁnits for matheﬂftics. One-year
studiesware’presented in éhe top row followed by'the six longftudiﬁal
studies which have been reviewed. Wherever the treatment effect is
followed by‘an asterisk, the\effect is ,statiétically significant.

‘ The CAI treatment effects are shown consistently by the cur;tculum-
specific tests. Eicept in relation to the comparison schools, the MM
group consistently performed anywhere from two-thirdf oé a standard

deviation to more than a standard deé;ation above the level of the RL

group. Clearly,.the drill-and-practice mathematics CAI curriculum is

s

-

capable of increasing's;udents' sﬁills.ip mathematical compufation.
The data from the:CTBS are less striking.  The within-CAI analyses“

show the MM groub consistently superior in computation to the.RL.group

with wﬁich it is beiﬁg compared. In most cases; the performance of the MM

~ group,in compuiation iS'cloéeWEoltwo-t£i£ds of a standard deviation abdQe
tﬁat,of the RL group and is statistically significant. The MM group also
tends to show i&prove& performancé in matﬁematicé céncepts and applications
over time, espe¢cially in the first of the longitudinal studies.

The fourth- through sixth-grade study 18 not consistent with regard to

the relationship between the amount of mathematics CAI and test performance.

» .

In the one-year studies at grades 5 and- 6, the CST data and CTBS computation’

|

data would seem to indicate that students wigh'two sesé}ons of mathematics

|
|

4

(?73V |
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Table 4-77

Treatment Effects Given in Standard Deviations for Mathematics
Scores for the Longitudinal CAI Cohort, Grades 4-6.

Gfade 4

'] ~ Grade 5

A3

Grade 6 .
: - MM & MRL vs. RL & MRL vs. MM & MRL vs. RL .
One-Year Studies »} — »;_QE%, 220 RLAA — — 3|
=>| M MRL v MRL MM - MRL
CST .90« .33 te78% L 38* .83% . 48%
COMPUTATION -001 —027 .37* 019 033 016
CONCEPTS -.33  =.25 po=.02 =.27 .05 =-.09
APPLICATIONS -.23 =.31 i ~-.09° .04 .26 .21
Longitudinal ( MM & MRL vg. RL - A\
C . : r 097* 075*’
COMPUTATION l 64% L 75%
CONCEPTS .28 .16
APPLICATIONS .58 .65%
vS. - >
CST ! 1.42% 84*
COMPUTATION e ,76 .60
CONCEPTS i .25 -.06
‘ APPLICATIONS _ t .12 .28
MM & MRL VS. RL . -
CST f 1.10* .39*% :
COMPUTATION .63*% .25
CONCEPTS .21 -.15
APPLICATIONS ,
fLMM & M&l.vs.‘RL ' \
CST P .65% .48 7
COMPUTATION { - .28 .23
APPLICATIONS © .20 .36
MM, MRL & RL vs. Cohort Controls ‘ S
) L MM MRL RL"
CST 1.11% .83*%  .57%
COMPUTATION .08 . =17 =-.07
CONCEPTS .20 -.34 .06
APPLICATIONS W .07 -.20 =-.26
. MM, MRL & RL Vs. Comparison Schools .
' E | ML RLY
CST .. 028 . 5 ’020
COMPUTATION -.19 o ~,28 =.32
CONCEPTS * .09 -.25 .14
APPLICATIONS .04 .06 =.11% )
*p ¢ .05
* s 3 ?4
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CAI daily have treatment effects About twice the size of those achieved
" by students with only one seésion. AIn the four longitudinal studies
involving only CAI students, the MRL group is better than the MM group, L
;oughly equivalent,land markedly or slightly inferior. The inconsistency | : {
of‘the;relationship reflects in part the inconsistencies in the grade 4
data. There are several problems. The #roblem of randomization has
.already been.discussed. Another difficﬁlty with regard to mathematics
is the charactér of thquTBS'bathematics pretest. It is as much a test ~
of reading as of mathematicé for many of the stude;bs in the study.

There is no strictly cdmputational component. ihere are surprisingly

high mathematics ITBS scores for somé Hispanic students, and the possibility
that quesfions were read in Spanish to bilingual students in some clasées
cannot be over;ooked. The pverall ITBS scores in grade 4 were especially
high iﬁ year 1. Added ﬁo those complications were differential attritionu
rates over time, with brighter students leaving the MM and MRL groups and
slower students leaving the RL group. Given the inconsistencies, some
average of the treatment effects fér the MRL group would give the best
estimate of the effect of the MRL treatment. That would place the
MRL group between onefthird and 6ne;half of a staﬁdard deviation above the
RL group but still below the MM group.
The cohqrt controi,and comparison scﬁool‘regressions are also
\ coanunded Secause of the problems with the grade 4 data.ﬂ Pabterné of
superiority of the MM group over the RL group on mathematics achievement
;remain, but except for the CST data for CAI students vs. the cohort
controls, none of the treatment effects is significant. We will examine

[

the cohort control data more closely insa later discussion.

Q . o . ‘ Dy e o
SR | | - Jd75

K4 o ®
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Reading., Table 4-78 presents an overview_of the CAI treatment
effects in terms of standard deviations for the grades 4-6 longitudinal
k sﬁudy bfAreadiﬁgfwmkb;‘iﬁehkL érbﬁb; only one of the Bﬁe-feaffétudiesﬁénd”
one of the'longitudinal'studies report statistically significant freatment
. effects on the CSTs. For the MRL group thgfe is only one significant
treatment éffect for the CST in the grade 4 one-year study. In all

cases the RL g:Oup'siperformance is superior‘tb the MM group's on the
reading CST; but there is nét thenstriking effect found, for ex#mple, on
tﬁe mathematics CST.

There is some indication at the sixth-grade level that RL and, more
specifically, MRL students performed better on the CTBS vbcabulafy subtest
than did MM studentg. Whether one uses as pretests the CTBS from grade¢4,
the'ITBS from grade 5 or the ITBS from grade 6, the CTBS data for grade 6
show siénificaqt‘trgatment effects forwthe RL gfoup. It is strange,

'however, that the effects do not spow-up at grade 5 when the same posttest
wés administered. -

' The. CTBS comprehension subtest shows no éignificanf treatment

effects. '‘More often than not the within-CAI treatment effects for

4

comprehension are negative.

Overall, no strong, sure, longitudinal patterns emerge from the

erading'results of the fourth~ through sixth-grade longitudinal study.
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Table 4-78

Treatment Effects GiQen in Standard Deviations for Reading
Scores for the Longitudinal CAI Cohort, Grades 4-6.

~

| : | Grade 4 | Grade 5 Grade 6
| One-Year Studies| ,RL & MRL vs. MM " RL & MRL vs. MM _ [RL & MRL vs. MY |
. — | "R MRL - |~ RL MRL T RL MREC
CST . L93%  .36% .22 -10 A I8
VOCABUI.‘ARY 028 -04 --03 u03 . -45* 051*

. COMPREHENSION .23 . -.04 -.09 =-.25 .03  -.06
~Longitudinal |-RL & MRLVg. MM :1 : >i
m_g_‘ ) | 0.42.70.40% |
VOCABULARY V¥ . . 0.58  0.72% |
CCOMPREHENSION -0.24 =0.20 i

(RL_& MRL ve. MM =, |
CST ! .23 -.13 - : ;

“VOCABULARY .02 03 | :
'COMPREHENSION =04 -.16 ; i
- |RL & MRL vs. MM . |
'CST . -50* -020 >
'VOCABULARY ¥ .08 .08 ,
'COMPREHENSION -.07 =-.29
: KL & MRL vs. MM =
iCST .32 10—
VOCABULARY .28 .48
COMPREHENSION -.24  =.09

. RL, MRL & MM vs. Cohort Controls :
L ’ P S

, ' KL WL MC .
CST , .32 .08 =.15
'VOCABULARY .03 .06 =-.33
'COMPREHENSION -.05 -.24 A1
‘ - - 1 ; !

v "RL, MRL & MM vs.' Comparison Schools K =>;
P ' RL ' MRL e

‘CST , | .26 .00 =-.33 !
'VOCABULARY | bk .39 -.01 |
|COMPREHENSION | .02 o =12 =4
: J i “l
*p < .05




Langhage. Table 4-79 presents an overview of the treatment eEfects
in language for tpe fourth- through s%xth-gfade longitudinal cohoft. In
. contrast to the CST results 'in reading, the language CST résults are
positive, consistent, and,.fo% the RL g£oup, all statistically significant.
The CAI language arts cuqric;lum is clearly .teaching something demonsgrable
.and is increasing student;' skills in specific aspects of_languagé. in
all cases, -the MRL grb@p has treatment effects on the CST above those of
the Mﬁ group and below those of the RL group, as might be expected. -
The CTBS data are, again, less striking than the CST data; If we
cancehtrate on the RL group's pefformance, we seé.several positive and one
statistically significant treatment effect in spelling. Fof mechanics,
all of the treatment effects are positive,. although none is statistically
significéﬁt. There are mixed results for language expression. When
contrasted to the cohort controis or to comparf?on school ‘students, the
RL students pgrformed better on all language tests but especially on
laﬁguage mechanics.
Overall,;results on language variables are more positive than the
results for reading and less positive than the results for mathematics.

Since the RL group had only 10 minutes per day in the language CAI

treatment compared to 20 minutes in mathematics for the MM group, it

should not be surprising that treatment effects are weaker.
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~Table 4-79

Treatment Effects Given in Standard Deviations for,Langﬁagé
Scores for the Longitudinal CAI Cohort, Grades &4-6.

| Grade 4 Grade 5 ~ Grade 6
- . MM RL VS.
One-Year StucgeL }RL—&—MBLJLS—«—MM-)RL RL I-&L-&—HBLJLS———“ ST L-J—H s
CST 1.09*%  .42* e 14% .16 «53% .25
SPELLING 34 .08 .22 =-.16 -.03 -.13*
MECHANICS .21 -.01 .16 .16 .21 .07
EXPRESSION .21 -.07 -.38 -.25 .20 .17
Longitudinal . RL & vs. MM
CST.'ﬁ ! JJ6* .553'
SPELLING ¥ .22 .38
MECHANICS .09' 22
EXPRESSION .22 .14
1 RL & vs., MM
CST ' 59% .18~
SPELLING .26 -.06
MECHANICS .10 .31
EXPRESSION -.40 -.29
RL & MRL vs. MM
CST ' 7 Ve
“| SPELLING JA46* ~-.26
MECHANICS 34 .29
EXPRESSION ! -.12 -.40
¢ RL & MRL vs. MM RL
CST T «57* .2%
SPELLING -.06" 12
MECHANICS . .18 27
EXPRESSION .04 .15
| RL, MRL & MM vs. Cohort Controls -
RL MRL ML
CST ! .66* .48*% =-,05
SPELLING ! 11 .12 -.11
MECHANICS ; ' .32 21 =12
EXPRESSION 12 -.10 -.12
X RL, MRL & MM vs. Comparison Schools
— “EL ~ WL B
CST o . 70* .38 =-.21
SPELLING .08 -.04 -.15
MECHANICS .27 A6 =21
|EXPRESSION ; .12 -.07

-.11

*p < .05




Chapter V

TREATMENT EFFECTS: THE BIG PICTURE

In fhis chapter the findings of the one-year studies reported in
Chapter III ané the longitudinal studies reportedvin Chapter IV will be
consolidated. The one-ye;r studies will be examined first, followed by
the longitudinal>sthies. Fihally; CAI students will be examined in

contrast with cohort controls and comparison students.

One=Year Studieé

In this section of the report treatment effec;s will be discussed°-no;
in terms of numbers of items as in earlier tables (4-2 to 4=76)~—but in
terms of/standard deviations as in Tables 4-77 to 4-79. Table 4-80
presents an overview of all the CAl treatment effects in the 12 one~year
studies arranged so th;t overall patterns may be seen. Entries can §e
interpreted to show how far aone (+) or below .(~) the adjusted mean of
the control group lies the adjusted mean for the treatment group. The
first entry, 1l.16*, indicates that the M group, receiving one session of
mathematics CAI daily, performed 1.16 standard deviations above the
control group on the mathematics curriculum—specific test (CST). The
‘asterisk %ndicates that the treatment effect was statistically significa;t.
In all caséé the‘standafd deviation used is the, residual standard deviation
which appeared in the last column of Tables 4~2 to 4~76, Our discussion
-of the one~year studies will be presented in three sections; one for

each of the three curriculums: mathematics, reading and language.

Mathematics

The mathematics CSTs were developed to test whether the CAI curriculum

-
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Table 4-80

Treatwent Effects in Standard Devistions: All One Year Studies

MATHEMATICS ) . - . READING LANGUAGE -

- i <
Treatment ' . Math, ’ Math. Read. Read. Lang. Lang.
Conditions Grade Yesr Group CST Computation Concepts Applicstion Totsl (Group CST Voca. Comp. Totsl [Group CST Spelling Mechanics Expression Total
Mv.,0 1 2 Mo L. .2 a7 - .25
M2 1 o .08 354 330 -
Mve. 0 2 3 "M J79% T L 11 - 514 :
MM ve. M. 3 2 Lo g 67 .38* -.03 .04 .23 ML -.15 -.16 -.29 -.28 ML 46% -.12 .10 .01 ~.05
M ve. l._ 3 4 M «82% .30 -.20 4 .02 .13 1 15 4% .27 o34 L RIL ShH a1 «12 A4T7*
MM/MRL/RL 4 1 MM .90* -.01 ~s33 -.23 -.18 RL A7 4;.28 «23 .28 RL 1.09* «34 .21 .21 «35
MRI, <33 -.27 ~s25 -.31 -.35¢* MRL .09* .04 -, 04 «00 | MRL 42% .08 -.01 -.07 .02
MM va. RI, 4 3 e g 63 «28* +06 .10 $22 RL 340 25 «26% «29*| RL .65% .03 A1t 33 28%
. . -
M/R/L/C 4 4 M «69* 43 .07 * .04 .27 R S0* «26 .18 «26 R «50% +25 .33" .25 .35%
L .25 .36 .21 .32 L~ .80* .48% Lo 20 -50%
C 39 .2t 0 .30 c - A7 .33 -5 -39
MM/MRL/RL 5 2 M .78% a7 -,02 -.09 RL .22 -,03 -,09 -.08 RL Tt «22 16 -.38 .00
‘MRL +38* .19 -.27 .04 MRL -.10 .03} ~-.25 ~.,14 | MRL 16 -.16 16 -.25 - 16
MM ve. RL 5 L) MM o 76% 52% -.10 -.16 .25 RL «20 .23 «31 .33 RL 56% -.09 21 B % .15
MM/RR/LL/RL 6 1 M 1.44* .16 -.09 -.09 04 RR 57 26 A5 L RR .12 -.08 .29 .13 .09
RL .29 .28 Sttt 474 RL  .88* .11 .18 .12 17
L, ~.13  -,16 .09 -.03 LL 94 -.10 , «08 -.09 -.08
MM/MRL/RL 6 3 " 83 33 .05 «26 «30 RL NY SN .03 «26 RL 53 ~.0) .21 .20 «12
MRL A8 .16 -.09 .21 .15 MRL .18 .51* -,06 «23 | MRL . .25 -.13 .07 .17 .01
1 N
*
p € .05 -
351 . 382
~t
i :
Q : *
Wi;ﬁﬁ . ) ‘ o -
" . .

4

=291~
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was, in fact, doing what it intended to db. Students who received

; .
mathematics CAIL were expected to do better on a test of that CAi curriculum
than students who had not. The treatment effects on the mathematics CST

't -

are consistentl§ high, positive and statistically significant. In
lgsking for pa;terné ;;;Q;iated with the amount of CAI, the grade level,
the control group, and other compliqating fagtors, two patterns eme;ge.
Studentg ﬁho received two sessions déily of mathematics CAI (MM) reported
treatment effects about twice the size of students who.had.received only
one session (MRL) in grades 4, g and 6. That pattern is repeated often
iﬁ Table 4-80f A second pattern involves the results of the first
exposure to a CAlL chr;iCulum vs thé rééults of later exposures. In those
cases 'in which mathematics CAL students are compared with non-math é
students--grade 1, grade 4 in years l and 4? and grade 6 in yéar 1--
treatment effects are quite high, averaging 1.05 standard deviations.
Treatment effects after the first éxposur?'are %ower,‘averaging .75.

This pattern also will be repeated for CSTs in reading and language.

For the CTBS computation subtest, the resuits for mathematics CAI
students parallel the CST results, although the treatment effectstare not
nearly as high.' Omitting the year 1 data, when the CTBS test was admini-
stered only two monthf after CAl treatments were initiated, and also
ignoring for the moment students exposed to the MRL condition, adjusted
means for students receiving mathematics CAI average one-third of a
standard deviation higher than those f;r students without mathematics
CAI.f" In gra:ies 5 and 6,‘MRL students have ‘treatment effects only half.

) . .
thé’size of MM students. )
For the CTBS concepts and épplicagions subtest(s), the results are

A\

jhixad. In g,adeg 1 and 2 when the subtest is read to students, the

: treatment effects for magh CAI stvdents are positive and statistically

<

383

4
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significant. In grades 3-6 when math CAI students are compared to éax
students with expOSure to reading and/or. language and when students must

'/

read their own mathematics problems, the results are not consistent.

’,
‘//
Reading ’

The reading CAI curriculum was not used until grad 4 In the four

studies involving the first exposure of CAIL students to the reading

curriculum-grade 4 in years 1, 3 and 4 and grade 6 in year l-—treatment

effects on the reading CST for students receiying the maximum exposure

average .59 and are i;:tisticﬁii& significant. In the later studies in

grades 5 and'6,‘trea nt effects on the reading CST average .29 and are

~not significa

O/ntf\e CTBS

//;edéiving reading CAI show small positive treatment effects averaging
about one—quarter of a standard deviation. Few of the effects are
|
statistically significant.

vocabulary and comprehension subtests, most groups

|
Language Arts |
i . A
The language CST.data resemble the mathematics CST data more than

they do the reading CST‘data.in that there are statistically significant
‘treatment effects in every'study; Treatment_effects for first-year
exposure average .74; or .94 without grade 3 students. Later studies

show treatment effects averaging .62. The content of the language CAI

curriculum demonstrates. more capability of differentiating between users

and non-users than does the cortent of the reading curriculum.




/

o
,

All of the statistically significant treatment effects on the CTBS

4

language subtests occur in grades 3 and 4, On the spelling subtest,
treatment effects are variable: mainly positive .and twice significant
in grades 3 and 4, slight and negative invgrades 5 and 6. Treatment
effects in language mechanics average close to one~quarter of a standard
deviation, and.although the effects are larger and sometimes significant
in the earlier grades, small positive effects are shown in grades 5 and
6. There are also small positive effects for language expression,

but it is interéstinglthat the largést significant treatment effect

was obtained by the group receiQiﬁg the newer réading-fo;-com;rehension
CAI curriculum in grade 4, year 4..

g

Longitudinal Studies

The longitudinal studies will also be reviewed with treatment
effects defined in terms of standard deviations. Emphasis in this-
section is placed on the CAI curriculums and what they accomplished in

one~year and longitudinal studies.

Mathematics

The mathematics curriculum had the ledgth and breadth to handls all
' AN

.

-0of the students in the CAI/stggyzéver four—~year duration. Abhly two

students topped out: both were girls who had been in the program for
four years, receiving 20 minutes of mathematics CAI daily before they
topped out. All students were able to access the mathematics curriculum.

Kindergarten students, who were not in the study, visited the CAI lab in

one of the schools on a regular basis.
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Students at all grade levels banefited from the CAI curriculum and
there were indications that long—term students showed -continuing gains
avervtiﬁe. See Table 4-8l1. There were 12 one-year studies in which’
students receiving the CAI mathematics curriculum were compared with
students receiving no CAI (two studies), less math CAI (two studies), or
other CAI treatﬁents suca:as reading or language (eight studies). The
average treatment effect for the 12 one-year studies is .80 on the
curriculum specific test of mathematica, indicating that students
réceiQing math CAI are four—fifths of a standard deviation higher in
math performance on the CST. Eof the six two—year studies the avefage
taeatment effect is .91, and for the three three-year studies it is 1.23.
Over time, the matﬁematichCAI groups increased their mean distance from
the non-math CAI group on the test of the CAI curficuluml

On the standardized test—=—the CTBS=-the 12 one-year studies showed
an average_treatment effect of .31 of a standard deviation on math
computation. That figure rose to an average of .36 when first year
‘studies were omitted becausa testing:accurred only two months after the
CAI labs ppenad; For the six two—year studies the average treathent
effect is .56 and for the two three-year sfudies it is ’72f Over time,

* the mathematics CAI groups increased their distance from the non-math CAI
groups on the CTBS computation subtest.

On the CTBS concepts and applications subtests, the results are
less clear. -Test items contain words ﬁo be read as well as mathematical

concepts and applications. In grades 1 and 2, concepts and applications

problems were read to the students, and under those circumstances CAI

386




Table 4-81

Summary Table for One-Yeaf and Longitudinal Treatment Effects: Mnthemntlcé

GRADE 1 GRADE 2 GRADE 3 GRADE 4 GRADE 5 GRADE 6
1 2 3 1 2 3 i 2 3 1 2 3 1 2 3 1 -2 3
Year Year Year Year Year Year Year Year Year Year Year Year Year Year VYear Year Year Year
YEAR
CST .08 .90* 1.44%
COMPUTAT1ON .35% -.01 .16
CONCEPTS .33 -.33 ~.09
APPLICATLON -.23 ~-.09
YEAR 2 \
CsT : 1.16* .67 .78% 1.10*
COMPUTATION | .12 .38 a7+ 630 \
CONCEPTS 37 -.03 -.02 .21
APPLICATLON .04 : ~-.09 .07
YEAR 3 | . .
CST .79% .66 634 99 .83%  .65% ,97°¢
COMPUTAT LON S51* 67 L28%  59% : .33 .28 .64*
CONCEPTS 31t .50 .06 .21 .05 -.03 .28
APPLICATION .10 .36 .26 .20 .58
YEAR 4
CST .82# LO1% 1.54% 69% L76%  1.18% 1.17%
COMPUTATION .30 .61 - .43 .52% ST* 794
CONCEPTS -.20 44 - .07 -.10 -.21 -.10
APPLICATION .02 .19 ~ .04 ~-.16 -.20 =-.05
*
p <.05
: 387
O

ERIC

Aruitoxt provided by Eic:
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treatment effects in the one-year studies average one-third of a standard

- deviation and are statistically significant. The one, two-year study showed
a treatment effect’ of .50. In grades 3-6 students read their own‘test
questions, and since math CAI students were being compared with students
receivihg reading and/or ;;nguage CAIL, the.results may have been confounded.
No statistically significant. treatment effects for either co;cepts or
applications occﬁr.in grades 3-6. Table 4-82 and Figure 4-~2 suﬁmarize,the
final estimages of treatment effects in QathematiCS. Overall, the.matheméties'
strands curriculum performed very well. It adapted to students of all
ability levels‘ahd provided effective drill and practice in mathematics
computation. Its effectiveness was démonstrated.both in .one-year étudies

El

and over two- and three-year periods.

Table 4:82

Summary of the l1-Year, 2-Year, and 3-Year
Studies of Mathematics CAI

- Number of

Studies Mean Standardized Performance Level

Averaged Treatment Effects in Percentiles
Tests leR "2YR 3YR 1YR 2YR 3¥YR 1YR 2YR YR
Math CST - 12 6 3 .80%  .9l%*x 1,23%% 79 82 89
CTBS Computation 9 & 2 .3% .56k 720k 64 71 76
CTBS Concepts 7 s 2 -.02 .12 09 49 55 54
CIBS Applications = 7 5 2 .03 .12, .26 51 55 60
CTBS Concepts & 2 1 0 - «34%* .50 - 63 69 -
Applicationsl ’

A

** p < ,0l.

;In grédes 1 and 2 Concepts and Applications is a single subtesf.
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After After - After
1 2 - 3
Year ' . Years Years

CST: MATH
(Grades 1-6)

CTBS: COMPUTATION
(Grades 1-6)

CONCEPTS & APPLICATIONS
(Grades 1-2)

. CTBS: APPLICATIONS
(Grades 3-6)

CTBS: CONCEPTS

Figure 4-2 Mathematics Treatment Effects Over 3 Years.

Reading and’Languége .

The CAI reading curriculum used in this study was developed for
students in grades 3-6, with an addition of basic sentences which purported
to reach students at grade level 2.5. For the students in our study;
those estimates were misleading. At grade 4 many students assigned to
the reading/language (RL) CAI treatment were transferred to the MM group
after six to eight weeks. CAI coordinators kept students in the assigned
curriculums for four to six weeks after the rapid motion phase of fhe CAI
curriculum had placed students at their own ability levels. When a

student had made absolutely no-progress after four to six weeks and the

323

T
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curriculum was deemed unsuitable by the CAI coordinator, the student's
curriculum was changed. = In one of the Title Ilschools the most.frequent
reason for the change was that the student was a non-reader. >In the
ofher Title I school the most frequent reason-was that the student was
Spanish~speaking. It is clearly a drawback when accessibility to a
reading drill-and-practice CAI curriculum is dependent on the ability to

read relatively well. On the other hand, at grade 6 the reading CAI - L

£ -~

curriculum sometimes proved to be too easy. A few students topped out Qf'”/
the reading curriculum during the rapid motion phase. A few Students
assigned to two sessions of reading daily topped out within a few months,
althouéh generally speaking progress was very s;ow in the reading curriculum.
The language curriculum was designed for studeg£s in grades 3-6, and
because its vocabulary was simpler than that in the reading curriculum it
caused fewer probiems of accessibility in the early grades.. On the other
hand, it caused more frequent problems in grade 6 with students topping
out.  Relatively large ngmbers of students who were assigned to two sessions
of language CAI daily in'the latter half of sixth grade topped out of the
curriculum in the rapid motion phase, and others topped out within a few
months. Progress in the language curficulum was more rapid.than progress
in reading. For students interested in achieving, the more rapid progress
was pleasing.
The 1ength and breadth of the reading and language CAI curriculums
did not purport to be as great as the mathematics CAI curriculum. L
Perhaps this is less of a problem for the use of the curriculums in
elementary schbols than it was for the evaluation of the curriculums in

this study. Schools after all would not gene}ally assign students.

randomly to a CAI curriculum. However, there are limitations to the use

Y -
(.} . ) () ' -
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of’these specific reading andﬂlanguaéé’curfiéuiums éven though they were
the broadest available when the study siarted. “Perhaps with newer technology
a reading/language CAI curriculum can be built which will have the broaé
applicability that the mathematics curriCulumrenjoys. i

Table 4=-83 summarizes CAI treatment effects in the one-, two- and
three-year studies of reading and language. The reading results will be
discussed first. %ince the CAI reading curriculum was used only in grades
4-6, only seven one-year studies are applicable. Two ofuthégé“étudies
occurred in the first year when CAI labs did not opééruntil late Januéry
or February, yet those treatment effects are among the highest found.

For the six one-year studies in which students assigned to both
reading aﬁd %anguage CAl were compared to MM students, the mean treatment
effects for the CST and the vocabulary and comprehension subtests of the
CTBS are .33, .24 and .21. For students assigned only to reading CAIL (grade
6, year 1 and grade 4, year 4) those figﬁres are .53, .26-and .31. The
means of the 8 treatment groups receiving reading CAI are .38 on the CST,
«25 on CTBS Vocabulary and .23 on CTBS Comprehension. For the three®two-year
studies dealing exclusively with fourth to sixth grade, the mean treatment
effects are .52, .17 and -.01. The solitary three—~year study shows treatmentf
effects of .42, .58 and =-.24. Those mean treatment effgcts are shown in
Table 4-84 and Figure 4-3.

Onffhéjbasis of the singlé three~year study, one might reach the
tentative conclusion that over the three years the RL group improved its
vocabulafy skills and lost comprehension skills. The evidence is.certainly

not strong. Whether a consistent pattern fails to emerge because of some
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Table 4-83 :

and Longitudinal Treatment Effects:

-

GRADE 5

Reading and Language

GRADE 3 GRADE & GRADE 6
‘. One Longitudinal One Longitudinal | One Longitudinal One Longitudinal
Year Two Three Year  .Two Three Yesr Two Three Year Two Three
Study Years VYears Study Years Y‘ears Study Years Years Study Years Years
[N N T L
YEAR 1 Bl ve. MM ‘- ONE-YEAR STUDY vs. MM
READING~'- -~ RR RL - LL
CST . o7 S57% 29 -.13
VOCABULARY ' .28 i .26 .28 =.16
COMPREHENSION . «23 5% S1n .09
LANGUAGE -
CST 1.09°* .12 88% 94w
SPELLING .34 -.08 o1l -.10
MECHANICS .21 .29 .18 .08
EXPRESSION 21 .13 o12 -.09
YEAR 2 ML vs. MM ~RL va. MM
READING 0
CST -.15 $22 « 50"
VOCABULARY -.16 -.03 " .08
COMPREHENSION =.29 -.09 =.07
LANGUAGE
CST Lb% J74% 74
SPELLING -.12 . 022 - J4b6*
MECHANICS .10 .16 34
EXPRESSION <01 -.38 =.12
YEAR 3 L ve. HHl RL vs. MM
READING )
CST <34% 16 4 «32 W42
VOCABULARY 25 .04 W45% .28 .58
COMPREHENS 10N «26% ,02 .03 ~e24 =,24
LANGUAGE ) '
CST «65% ,59% , «53% oST% 764
SPELLING .03 =,22 =.03 =.06 .22
MECHANICS JAlw 34 «21 .18 .09
EXPRESSION 3% 15 «20 .04 $22
YEAR 4 L vs. M o;m-men sméy vs. M RL vs. Mt .
READINGC
CST .15 .50% .25 .39 220  J73% , 31
VOCABULARY o34 .26 .36 .21 23 L4 =04
COMPRENENSION 27 .18 .21 .30 A1 .27 o24
LANGUAGE ~
CST k1w .50% .80% - }t?\ 1.14% 71
SPELLING «S51% .25 48 .17 -.09 - .02 +06
M'ECHA'NICS .31 L33 44 .13 21 22 40
EXPRESSION .12 25 .20 .45 ° 33 13- W24
.
p <.05
1

The last column of figures in these two cells are based

on regressions from Grade 3, where the treatment was
ML rather than RL.
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> : Table 4-84 RSP

P

Summary of the l-Year, Z—Yearfwénd 3~Year

Number of

.. \s)
Studies Mean Standardized Performance Level ... ™,
Averaged Treatment Effects in Percentiles b
Tests 1YR 2YR 3YR 1YR 2YR 3YR .lYR ZYR 3YR
Reading CST . 8 3 1 .38%* L52%% 42 65 70 66
CTBS Vocabulary g8 3 1 J25%% .17 .58 60 57 72
CTBS Comprehension 8 3 1 L23%% .01  =-.26 59 59 41
** p < ,01,
4 rs
S
After After After
11 2 3
Year . v Years Years

CTBS: VOCABULARY

CST: READING

CTBS: COMPREHENSION

.o ! e
Figure 4-3 Reading Treatment Effects Over 3 Years. i
(Note that 3 year effects are based on-‘only 'l study)

.
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quality of theVCurriculum;:problems aséociated with the bottoming=-out and
topping-out phenomena, or some other fachr, one cannot tell. One can

compare the ﬁ???f§SEE,efﬁe°‘9'°f students receiving reading CAI with the
effécts associéfed with other'verbally oriented CAI curriculums in grade
4, year 4. (See Table 4=-83.) In,tﬁat one-year stu.dy students assigned

to language CAI or the newer reading-for-comprehension curriculum also
show positive (but not sighificant) treatmgnt effects on reading dependent
variables. Although tﬁét;eading group's treatment effects are begf on

the rea&ing CST, the iaqgﬁage group is best oﬁ vocabulgry, and the
readipg-for-comprehen§ion g;oup best on comprehension.

Turning to the CAl language treatment effects, we see in Table 4-83
that therg are nine one-yeaf studies. As was the case with the reading
results, the CST treatment effects in the first year of the study are
the largest bbtained}in the four years even though students had received
only four months of CAI in that school year. Averaging the treatment

effects of students who received language CAI in grades 3~6, we note that

all effects in the one-year studies involving the CSTs are statistically

significant. That is different from the reading CST results and shows a

greater differentiation between the MM and RL groups.when tested ou the
cbntent'gf the Iang;age curriculum lhan when tested on thé content of tne
reading curriéulum. Mean CAI treatment effects for one-, two—- and three-year
studies of the language curriculum are preéented in Table 4-85 and Figure 4-4.
Means were averaged over 10 sets of tréatment effects in the nine one-year
studies, four sets of two-year studies and two sets of three-year studies.

Although all the tfeatment effects are positive, they fail to show the

pattern of increasing gains demonstrated by the mathematics CAI curriculum.
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Table 4-85

Summary of the 1l-Year, 2-Year and 3—Yeaf
Studies of Lamguage CAIL

Number of . :
Studies " Mean Standardized Performance Level
Averaged Treatment Effects in Percentiles
Tests 1YR 2YR 3Y¥R . ;YR 2YR _3YR 1YR 2YR 3YR
Language CST . 10 4 2 o T1%*% LT6%% [ T3k% 76 78 77
CTBS Spelling 10 4 .2 L14% .05 .14 56 52 56
CTBS Mechanics 10 & 2 22%%  L27% .25 59 61 60
CTBS Expression 10 4 2 B | .05 .23 54 52 59
* p < .05,
*% p < ,01.
N
N, .
After \\x\ After After | -
1 3\; 2 3
Year o " Years . Years

CST: LANGUAGE

CTBS: MECHANICS
.~ CTBS: EXPRESSION
~CTBS: SPELLING

Figure 4-4 Language Treatment Effects over 3 Years.
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.Whgn the treatment effects'in Tablé 4-85 are‘compéréd with the
one~-year effects for students receiVing reading cal or reading~for-~
comprehénsion CAl in grade 4, year 4 (Table 4-83), thé CTBS reéuité for
those students in one year equal or surpass the treatment effects averaged.

2

for CAI language across one, two or three years. The reading-for-compre-

-hension CAI group 1is significantly better in language e;pressi;n, and the .
reading CAI group put in a good, solid performance. Clearly there is
dverlap in the ability of the three verbally orieéted CAIIcurriéuiuAg to
prodhceuresulté on CSTs and CTBS subtests in both reading and language.
Although each of the three verbally oriented CAI curriculums has demon-
strated somé ability to help st;dents perform better, théy have.yet to

demonstrate the strong, overall, consistent.effects achieved by the

mathematics curriculum.

CAI vs No CAI

s
[

T

The within-CAI‘analyses reported in the first two sections of this

_chapter give the best estimates of treatment effects that we can obtain

from the data. The randomized assignment of students to CAI curriculums-~

even when implemented with less than absolute Success—-assured the s tudy

.v

~
.

of its GESt control groups. Two other control groups were uséd, however.
Cohort controls were students who were in CAI schools one ;eaf earliér |
or lafer thap CAI students and who were not given accegs'to the CAI labs.
Compgrison students were in the same area of Los Angeles as CAI students,

in two elementary schools without CAI facilities. Before we report on CAI

effects when CAI students are contrasted with cohort controls or comparison

Y




-students, we will exblaip the reservations we have about these regression
analyses. |

With regard to the cohort control analyses, by theilr very nature
they cut across testing’years. Although the school and teacher variables
' are better controlled'than>thosé fof comparison schools, effects specific
to’ the yearfOf:testingncannot be contrglled. Earlier or later testing

. déﬁes, the amountiof time betweeh pretésting and posttesting, the loss of
time;dﬁe to flu epidem;ég-and other_conaifions specific to a school year
méy affegt tﬁe findings. ‘During posttesting at the end of year 3,
studééts?found”the bod§ of'avyoung ma; shot to death in a suspected
gang-related incident near tﬁe school playground of one of the CAI schools.
Fdr one week in that testing period cohditions at the school were unlike
conditions obtaining at ény other period of the Qtudy.

" Analyses involving CAIL schools vs comparison schools suffer because

of school differences. In three years of classroom observations, comparison-=

school students were found to spend more time on task overall, comparison

teachers spent almost twice as much time teaching, and comparison teachers

Qére rated higher by observers on teaching effectiveness. The smaller of
" the two comparison schools was a T;tle I school; more than two-thirds of
the CAI students were from Title I schools. |

With those resgrvations recorded, the treatment effects will be

examined.

Mathematics
Table 4-86 presents an overview -of the CAI treatment effects in
mathematics for CAI students vs cohort controls and comparison-school

students.
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Table 4-86

- Treatment Effects for CAI Students vs Cohort
Controls and Comparison School Students: Mathematics

" Grades | 1 2 3 =

CAI vs Cohort Controls

CST ' .80%
COMPUTATION .51%
CONCEPTS Jab*%
APPLICATIONS .38*%
) érades 2 3 4 5
— v =
CAI vs Cohort Controls
M RL
CST ' ) 1.26% .46%
COMPUTATION .70% .08
CONCEPTS .18 .11
APPLICATIONS .28 .22
Grades 4 5 6
— =

“.CAI vs Cohort Controls

L} -2 3 -

CAI vs Comgarisons

.76%
.15

. 60%
.87%

2 3 4 5

| =
CAI vs Comparisons
M RL
1.02% .11
.45% ~,03
-.03 =~.02
.29 .21
4 5 6
| ~ >

CAI vs Comparisons

MM RL ‘MM RL
CST ' 1.11% ,57% .28 =,20
COMPUTATION - , .08 -.07 -.19 -.32
CONCEPTS .20 .06 .09 .14
APPLICATIONS .07 -.26 .04 -.11'//
*p <: .05
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In the eohott—control data we see a trend for the statistically
significant effects to occur at the lower grade levels. It is difficult
to ynow.whether’that is a meaningful observation or an artifact. The
grade 4-6 CAI.group had many nifficulties: randomization problems,
differential attrition, loss pf students to the LAUSD desegregation plan.
Forceddto estimate a treatment effect‘for’CAI.students vs cohoft controls,
one might ayerage ‘the effects for mathematics CAI students to come up
| with 1.06 for the mathematics CST, .43 for CTBS math computation, .28 for
" concepts and 24 for applications. Those estimates are slightly lower,t
overall: than the three-year, within-CAI estimates in Table 4-82. |

The comparison-school data repeat the pattern of more significant

treatment effects in the lower grades than in the upper. .

Reading and Language

Table 4-87 presents the treatment effects for CAI students vs cohort

i
controls and comparison students on reading and language tests. One of
: ; . 1

the interesting things te notice is the differential pqrfornance of the
. -t ' ] ' 2 i
RL group on reading CSTs as compared to language CSTs in these -analyses.

In the/ cohort control studies the RL group performs onﬂy half as well on
tead ng CSTs as they do on language CSTs. The contrast is even more -
striking in the comparison school data. The language arts‘CAI curriculum
teéches students something nhich helps to differentiate them from students
without that curriculum when they are tested on the CSTs. That cannot be
said as strongly for the.reading curriculum.’ -

Estimating overall treatment effects for CAI vs cohort comtrols with

no CAI, we find the following; .44 for the reading CST, .22 for the CTBS
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Table 4-~87

Treatment Effects for CAI Students vs Cohort Controls and
Comparison School Students: Reading and Language )

Grades 2 3 4 5 2 3 4 5

o > -} =

CAI vs Cohort Controls CAI vs Comparisons
) RL MM RL MM
READING CST . .56% .23 | 11 -.02
CTBS VOCABULARY % I A -.04 -.09
COMPREHENSION = 20 .17 o -.27 -.21
LANGUAGE CST  1.06%  .45% J46% 11
CTBS SPELLING .20 .20 . -.13 -.05
MECHANICS .11 0 .18 o .12 .15
EXPRESSIQN .22 .28 .08 -.03

Grades 4 5 6 4 5 6 '

} — = — =

CAI vs Cohort Controls CAL vs Comparisons
RL. MM : RL MM
READING CST .32 -.15 .26 -.33
CTBS VOCABULARY .03 -.33 .02 .14
COMPREHENSION -.05 .11 : .44 -.01
LANGUAGE CST .66% -, 05 .70% -.21
CTBS SPELLING A1 =11 .08 =-.15
"MECHANICS .32 -.12 .27 =21
EXPRESSION 12 -.12 12 =011

P <; .05
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vocabulary subtest and .07 for comprehension. In languége we find .86
\for Eﬁe language CST, .15 for CTBS spelling, .21 for lang&agg mechanics
and .17 for language expfession. Tﬁe reading results may be comparéd
\with the results of the within-CAl three-year analyses in Table 4-84.
They are not consistent. Language results for CAI v§ coho:t controls are
more consistent with the within—CAI results' in Table QuSS.

For the comparisqn school data, we note that most of the results for
the RL group are positive, while most for the MM group are negativé\\ On

the average, the performance of .the RL group is at least as good as the

performance of the comparison school students.

1
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Chapter VI

SUMMARY AND CONCLUSIONS . //

In part 4 of the Final Report we have been:exaﬁining the effectiveness
of d;ill—and-practice CAI curriculums at improving student performance in
mathem;tics, reading and language arts. The statistical model underiying
the basic analysis was reported in Chapfer II. - We learned that the basic
gggreséions used sex; ethnicity, classrooms, pretests and CAIl treatments
;o'pre&ict student outcomes both on staﬂdardizad teékéf-thé éTBS--and on
curriculum-specific tests—--CSTs-~developed from the CAI curricu;ums. The
CSTs were used to measure whether or not -each of-the CAI curriculums was

successful in improving the performance of students on the material in

which it.was drilling them. The CTBS was used to measure the CAI cur-

riculum's ability to éhange'students' performance on standardized tests.

In Chapfer I1I we saw the resultsvof the Qithin-CAI regression
analyses done for the 12'one-year studies. We noted that first- and
second-grade students were able to use the mathematics CAI cufriculum

'effectiyéiy, that students in grade 3 used the mathematics and languagé

curricglqms effectively, and that students in grades 4-6 were able, for
the most part, to use all three of the CAI curriculums: mathematics,
language arts and reading. Some statistically significant treatment
effects were noted at each grade level both on the curriculum-specific
tests and_the sgandafdiZed tests.,

Two findiﬁgs from tég one-year studies may be easily overloqked in

~

* the mass of data which were presented. One finding involved the setond-

grade use of fixed strands in the mathematics CAI curriculum. Ordinarily

the mode. of presentation in the mathematics strands curriculum was variable
\ .

Y]
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étrands, where a problem in horizontal addition might be followed by one

in vertical subtraction or .number concepts. In fixed strands, problems

\

_received by the student were limited for the session to one strand

\
selected by the teacher or CAI coordinator. In year 3, students in

' grade 2 vere randomly selected within classrooms‘to receive part of their

mathematics drill-and-practice via fixed strandé. Although there were no

.statistically significant differences between the two groups, treatment

effects consistently favored the fixed-strand gfoup on the'mathematics

CST total, CTBS computation and, most strongly, concépts and applications.
The findings:guggegt that the treatment effects for the mathematics
strands curriculum.might have been higher, had the study routinely
allowed the provision of some CAI time in the fixed-strand mode. One
simple procedure used in School 1 was'td assign the student to f&xed
'strapds in that strand with the lowest placement score on the student's
CAI record. Fixed strands were used for only part bf the students' CAIL
ﬁime; the majority of the‘;ime was spent in variable strands. The

use of fixed strands as described was somewhat akin to a tutorial session

in the student's area of weakness. The combination of fixed and variable
strands was not significantly better than variable'strands alone, b;t
it was consistently slightly better and was approved by CAI cdordinétors
even though it was more work for them.!

The second finding that could be overlooked in the one;year studiés
was the effectiveness rating of the newer readingéfor-cémprehension

curriculum used in grade 4; year 4. The reading-for-comprehension

curriculum differed from the older reading curriculum in one major way:
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A

{ in every CAItsession, the reading-for-comprehension curriculum presented

a paragraph followed'byvfive ﬁuestioﬁs very similar in format to questions
l in reading comprehension subtests. When the performance of students
assighe& to the reading-fof-comprehension curriculum (C), the reading
cq;riculum (R) énd the language curriéulum (L) was compared to the
performanée of students assigned to mathematics CAI, the results show
positive treatment effects for all three groups on reading and language
tests. Group C put in the best performance on the reading comprehension

subtest and a significantly better performance in language expression.

. Although the newer comprehension curricuium'was only studied for one year
without replication or longitudiﬁal data, the one-year data suggests
increased potential in the reading curriculum area. The paragraph
questions also appealed to students, teachers and coordinators as
an improvement over the straight reading curriculum.

In Chapter %kae examined the three longitudinal studies. We saw
that the mathematiés CAI curriculum was effective in improving students'
performanée in grades 1-3 both on CSTs and staﬁda;dized tests. Students
in grades 2-5 started CAI with two levéls of mathematics and became
increésingly differentiated into an MM |group and an RL group. Their
results in mathema;icé pafalleled the results of the earlier CAI cohort.
The results in reading and language were generally positive and ocassionally
.significant. The students in gra&es 4r6 experiénced several problems
which may have hurt their longitudinal| study. The random assignment of

students to curriculums was compromiseP when non~readers and some Hispanic

students could not function in the reading and language curriculums.

)
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Nevertheless, treatment effects in mathematics followed a pattern similar
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Differential attrition rates over three years found brighter students leaving
the MM and MRL groups and slower students leaving the RL groups. The
fourth to sixth grade study was also hardest hit by the LAUSD”desegregation

plan when numbers of “students in'grades 5 and 6 moved out of CAI schools.,

to the earlier longitudinal studies. Results in reading were not impressive.
Language results were generally positive for both CSTs and CTBSs and were
consistently significant for the language CSTs.

In Chapter V we estimated treatment effects for the three CAI

curriculums and evaluated them in terms of their usefulness to the
populationtbf students in the study. The mathematics qurriculu$ was
found to have the widest applicability, capable of being used with
étudents from kindergarten through sixth gréde. Treatment effects.for
mathematics CAI students were averaged across grade levels to obtain a,

mean effect in one-, two- and three-year studies. For the CST data, mean

. treatment effects for the mathematics CAI students rose from .80 for

one-year studies, to .91 for two-year studies, to 1.23 for three-year

studies. CTBS computation data reflected the same pattern with mean

treatment effects rising from .36 for one-year studies, to .56 for

[
14

two-year studies, to .72 for three-year studies. Only the mathematics
curriculum provided this pattern of increasing differentiation befween
groups over time. One is cémpelled to believe in the mathematics curriculum
as a valuable resource in the area of mathematics training fo; elementar&-
school students.

The reading and language CAI c?rriculums were applicable at fewer

grade levels and for fewer students’within the appropriate grade levels.

7
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One of the biggest drawbacks in the reading drill-and-practice curriculum
is the pre~admission requirement of a third-grade reading ability. With
newer technology a broader approach to reading may bé possible and would
betwelcomed. As the reading and language curriculums now stand, Hispanics
and non-readers- in this study had difficﬁlty making any progress, especially
in the reading curriculuﬁ. Assignment of Spanish-speaking .children and
non-reader; to either curricﬁlum required large amounts of tutoring and
translating time on the part of personnel in the CAI lab. "Eventually the
curri;ulums were judged unsuitable for some 6f those students. Other
students réadily topped out of the reading and, more frequently, the
language CA} curriculgms in grade 6.

On the CSTs the treatmenf effects for RL étudents over one, two and
ghree yea;s were‘.44, .52 and .42 for the reading CST ;nd .70, .76 -and
273 for the language CST. Treatment effects in reading were significant
only for the first year of exposure to the CAI reading curriculum. All
treatment effects on the language CST were statistically significant.
There appears to be more ”curricu;um” in the language arts software than
in the reading software. On the CTBS data, small positive effects--seldom
~significant after grade 4--appear to characterize the treatment effects
for the RL groups in reading and language. Perhaps no strong pattérns
emerge because the curriculum was not broad enough and the students
received only half as much of each curriculum as the MM students received
in mathema;ics.

When CAI students were compared to their cohort contréls in the same

schools one year earlier or later, estimated treatment effects in three-year
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studies were very similar t§ the three-year within-CAI treatment effects in
mathematics and language arts. Reading effects were less ansistent.

In summary, we'can say that eaqh of the CAI curriculumé proved
its effectiveness, although some curriculums performed better than
‘others. The mathematics curriculum showed strong promise in\longitudinal
studies. 'The feading and language CAI curriculums have less Greadth
but are both capable of helping students to improve. Computer—-assisted
instruction as defined in this study is a powerfﬁl tool for increasing

studentg' skills in mathematics, reading and language arté,

%
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PART 5¢

COMPUTER-ASSISTED INSTRUCTION AND COMPENSATORY EDUCATION:
THE ETS/LAUSD STUDY -

LONGITUDINAL PATTERNS OF STUDENT ATTITUDES
IN A CoMPUTER-ASSISTED INSTRucTION CURRICULUM

PHILIP A, GRISWOLD, ED.D.’.
EASTERN MonTaNA CoLLEGE
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. - INTRODUCTION. .
M

’ihe Coleman report (Coléman ét al., 1966) made available informa-
tidn‘concerning‘;he relationship'béfween aéhigvement and student‘attifudes.
_ SubgeQuentistudieé also revealed corrgl#tionsibetween.acpievement and
attitudes such as attitudgs towgrd.schoolvﬂquom, 1976; Jackson, 1968),
attitu&es_;oward reading (Engin,lﬁallbrown, & Brown, 1976; Roettger,
.Szymczﬁk; & Millard,’i980) and’ mathematics (Aiken, 1976), academic selff
' concept (Séﬁeirer'&‘Kraut, 1979), ;nd academic locus of control (Crandall,
. Katkovsky, & Craﬁdal%, 1965; Lefcourt,‘l976j. These researchers were ‘
interested in the influence attitudes had on academi¢ achievement.

In addition to their role as a mediating variable for achievgment,
positive attitudés should be'an important outcome of schooling. Individuals
deQelomeuch of their attitudes toward seif puring the periéd in ﬁhich
,'fhey attend écbool (Shaffer, 1979). Bloom (1976) has‘reported some
evidence and speculated thét,po;itive attitudes in school have major
éffects{on the in&ibidual's later mental health. McMillan (1980) has
likened studént atfitude development to a basic skill, becaus; of its
piereﬁqfsite'nature for effeqtive cognitive learning and positive mental
healtg; . . ¢

Encouragement of positive attitudes toward ach;evement has been an
important objective of compensatory education (Passow, 1974). Attitudes
should bg an integral part of thé goalstbf the séhooliné préceSs,
Therefore, effectiveness of educational intervention should include an
evaluation of ité impact on student éttitudeS, indepengént of achievement.

The effectiveness of computer-assisted instruction (CAI) in demon-

strating affective gains is not as clear as the evidence for cegnitive
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gains. In an evaluagion of the PLATO system, Swinton, Amarel, and Morgan'
7(1979) foqnd more positive attitudes amohg students using'CAI at the
e;emgntary level than those not usingmit; Among junior high school
students under the Stanford CAI system of drill and practit;e, no differ-
ences were founglih At;itudes compared to non-users (Smith, 1973): One
investigation/ﬁaggesﬁed that CAI improves Fhe attitude of studentsb(ﬁess |
& Tenezakié,Ji973); another study at the éommunity college level cqncldded |
Sk
that CAI déés'nét ensure favogable student attitudes (Alderman, 1978).
CAI requires students to interact with a computer at a terminal,
fnereby;providing an opportunity to exert some degree of céntfol over
their/instruction. The Stanford, branching drill and practice ﬁay
‘:enqdurage persistence (something most computer users can emﬁathize§{
because it anusté the difficulfy"level so that students are always
successful with some of the problems. '§ince persistence has been shown
to be,related'co personal control (Lefcourt, 1976), students using CAIL
Amay_develop more positive éttitudes toward‘personal causation, i.e.,
become more internal about their successes. o ?
The purpose of this‘study was to evaluate the differences in attitudes
between CAI usersnand noh-users. The curriculum provided drill and
practice in math,-reading, and language arts. CAI students were hypothe-

sized to have more positive attitudes toward math and reading and to

indicate more self-responsibility or control of their successes. .

METHODS .

Subjects ’
The sample of students for this study was selected from the data
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base of a }ongitudinal study of the effectiveness of CAI. The students
attended ban schools designated to receive aid under Title I of che
Elementar; and'Secondary Education Act of 1965. The &tudents were

predomln%ntly from minority groups (Blacks 35A, ‘Hispanics 44%Z) and there

" were slightly more females (55%) than males (454)

/
The sample was selected because these students had participated in

" CAL ﬁZom their‘fourth grade through their sixth grade and had relatively

A/Eomp ete data.,,§tuden;§ whose best ianguage was not English were omitted

fr the study.

In an earlier study of achievement bptcomes significant negative

correlations between minority status and achievement were found (Griswold,

1981). ‘Furthermore, White students had higher achievement 5cores than
either Blacks or Hispanits. Whites and minorities were alse Split
Lnevenly, approx1mately 254 versus 75%, respectively. For these reasons
Whites were omitted from the study. Finally, some subjects were lost -
;when the sample was’selected for complete data, yieldieg a final N of
126. ' : } -

Among this 126 were tontrol students from schools end classrooms

from the same district or within the CAI schools. Their assignment, in

one sense, resulted in a conservative test of CAI effectiveness for the

following reason. The ﬁonTCAI schools had an advantage over CAI schools,’

\ W

because more positive class:oom observation ratings were made 1n the
non-CAIL schools (Ragos ta, Holland, & Jamison, 1978). Thus, students

from tnese schools came from better classrooms than did the CAI studepts.

[

CAI Treatment

.The curriculum consisted of drill and practice exercises or strands
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in one of three subject areas: _mggp* reading, or language. The range

of difficulty was four or five gradeaigvels. During a CAI sessidn, a
- 3

student received a random mixture of e#ercises from all the strands in

_the particular content area appropriare for the student’s grade level, as

determined at entry. VEighty percéﬁr mastery was the criterion for
movement into‘the_next level of'difficulry. The assignment of students'
to within-CAl treatments was domne at rando;. The students received CAI
for 20 minutes'per day: either all math, half math and half reading and‘

language arts, or all;reading and language arts.

7
Measures
The Iowa Tests of Basic'Skilfs (1T8S), Form 5, Level 9 were administered

in the fall, grade four. Vocabulary and Reading Comprehension subtests

were combined as were Math Concepts and Problem Solving subtests. The .

resultsxformad a reading and a math total raw acore.

" A Student Attitude Questionnairé; a variation of ar inatrument
developed by Swinton, Amarel, and ﬂorgap (1979), was administered every
fall ‘and spring. It purportedly measured attitude towards school,
attirude towards math, reading, and language arts, self-esteem, and locus
of control. ' . ¢

The fourth grade qaestionnaire items were constant throughoat grades
fiye and six, This ser formed the basic instiument for the:present
study. The scale of the items was transformed so that a value of 3 was
equivaleut to a positive resaonse, a. 2 was an undecided response and a 1-

was a negative response.
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"from all four years of the larger study (N = 1659). Those items that were

o . . —5—. ’ - v So L

To identify the underlying constructs for separate evaluation, a
prfncipal components analysis was performed on 25 itemé of the questionnaire .

o

“excluded were negative in orientation (e.g., "Math is not my favorite

subject.”") and were shown to have caused éonfdsion among the students
(Griswold, 1981). , . .

Using tbé SPSS éﬁbprogram FACTOR, a five factor solution explaining
1004 of the variance resulted;b In decreasing order of eigenvalue magnitude
the factors were labeled as follows: Attitude towards Reading, Attitude
towar@s.School, Attifude towards Math;‘Perception of the Difficul;y of
Schoolwork, Perception of Responsibility for Success. The corresponding
eigenvalues, rounded to two decimal piaces‘were: 3.26, 1.52, 1.13, .98, .56}

Attitude subscales were formed by summing items.with factor loadings
greater than .30‘undgr each of the factors; The firstkthrough third;"ﬁ
subscales correspondéd to each linear composite of items‘from'factors one
thrqugh three. A'fourthvsubscalerwas formed by combining the composite; , A
'of factors four and five. The latter subscale was redefined as Internal
Résponsibiltgy for Success in School.

For each of the first five administrations of the quest}pnnaire (the
last was omitted because pf missing dafa problems), four subséales of

an attitude construct were computed for each student. They consisted of

attitudes toward reading (LREAD), attitudes toward school (LSCHO),

?

‘ atfiiudes towatd math (LMATH), internal responsibility for success

(CAUSLPER). Each subscale was evaluated for internal consistency of its

items using the coefficient alpha. The results indicated moderate to

strong internal consistency ranging from .47 to .79 with a median of .67.

Appendix A includes a list of the items composing each of the subscales.




Procedures and Analysis

The tests of hypotheses that hore positive attitudes were associated
with CAI were made with a 2 x 2 x.3 x 5 factorial analysis of variance
(ANOVA) wifh repeated_meaéﬁres on the last factor. The three between
subjects factors were CAI (Yes or no), sex, and achievement level. The
within subjects factof was attitude (i.e., five administ;ations for each
of the four subscales). The achievement factor was~created by categorizing
math and reading achievement into three levels: the upper, middle, and ‘
loyer third of the raw score distribution'ffom the faIi, fourth grade

ITBS. This design resulted in eight ANOVAS. One for math and one for

feading achievement by each of the four attitude subscales. The SPSS

subprogram MANOVA was used for.fhe analyses.

The use of analysis of variaAce for a posteriori research is not
witno;t crificism when individual difference measuées are categorized as
a factor. A loss of statistical ﬁower results; there 1is an illusion of
control of the variabies; there is a tendancy to interpret significant
relatiénships causally (ﬁﬁmpnreys, 1978). The'latter two issues can be
anided by explicit reporting 6f méthods and results. Thé first issue ise
unavoidable, but makes for a more conservative statistical test, since
the chance of rejécting the null hypothesis wheh it is true is reduced.
Given these caveats, the partitioning of variances can be used to id;ntify

relationships; main effects can be interpreted as appréximations to

partial correlations (Humphreys & Fleishtman, 1974).
RESULTS

The hypothesis that attitude among students receiving CAI is more positive

than among non-CAI students as supported for two of the four subscales.
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a

The ANOVAs‘indicated a main effect for CAI with attitudes toward reading,
F(1,114) = 18:02,‘2 < .00l with reading achievement levels an&-ﬁ(l,llA) =
17.35, p < .001. A CAI main efféct also was found for internal responsibility
of success, Eﬂl,llﬁ) = 8.04, p < .01 with reading acﬁievement and F(1,114) =
7.89, p < .Ol'wiﬁh math achievemeﬁt. Tests of significance within gells

for CAl using seiuential sums of squares revealed significant differencés
" across repeated Qeasures of inteénal responsibility, bu% not for reading
attitude. No ﬁa'n'gffects were found for att;tude towards school or

towards math. ~

No interactions with CAI were found, nbr was there a difference with

either achieveme?t factor. Thus to gxplore further the nature of the Cal
effects t tests Qere perform;d on unweighted CAI means at each administration

of attitude toward reading and internal responsibility. The results for

attitude toward reading were as follows, in order of administration:

|
1

£(158) = 2.63, t(lb6) - 3.87, £(178) = 4.14, £(171) = 3.69, £(156) =
4,24, all p < .0l. CAI mean attitude toward reading was signific;ntly
larger than non~CAI means. The results for internal responsibility were:
t(158) = 1.25, n.s., £(166) ; 2.00, p < .05, £(178) = 2.75, p < .01,

' £(171) = 2.04, p < .05, £(156) = 4.12, p < ,001. CAI mean internal
‘responsibility was significantly larger than non-CAI at all administrations
after fall, grade four.

Significant'main effects for achievement were fopnd. When reading-
was the factor the égin effects were with'attitude towards reading,
F(1,114) = 4.79, p < .05 and internal responsibility, F(1,114) = 18.54,

i < .00l. When math was the factor, the main effects were with attitude

\

towardé reading, F(1,114) = 4.54, p < .05, attitude towards school,

<
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F(1,114) = 4,10, 2:< .05, and iﬁternal responsibility, F(1,114) = 19.33,

P < .00l. Inspection of the means suggested that the top third achievement
level had the largest positive attitude for all significant main effects.
.Sex differences across attitude subscales were found only for )
attitude towards schoél with eithef,math or reading as the a;hievement <
’féctor. Females tended to be more|positive in their attithdes toward
school. ' |

The three way interaction was|significant for attitude. towards

school. The a posteriori evaluation made its interpretation moot.

CONCLUSIONS AND IMPLICATIONS

} i
More positive attitudes toward reading were found among CAI students

than among comparison.students in ron-CAI classrooms. This result may

have been due to a systematic bias, since the CAI students’ means were

significantly greatar than non-CAI leven prior to CAI implementation.

Cross~tabulations showed Hispanic situdents to be over-represented in the

non~CAI group. Their bilingualism may have contributed to their lower
attitudes'toward re#ding relative tp Blacks.

A greater sensé of internal responsibility for success was found
among CAI students. Prier to CAI 'plementation no differences were
‘found betweén CAI and non=-CAIl means. Afferwards students in CAI had
significaﬁt;y greater means for sel fresponsibilitynr‘Furthermoré the

differenée seemed to widen with continued CAIL exposure.

The iack of differences with ajtitude towards math suggests that

20 minutes daily of CAI was not related to more positive attitudes. Math

’

11g
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concepts became more difficult in fourth, fifth, and sixth grade and

short periods éf CAI may notkameliorate dislikes. More likely an explana-
tion is that the CAI factor was not exclusively math drill and practice,
but included reading as well. ‘Similar arguments qould be used for the
attitude towards reading if it were not for the confounding by the large
bilingual groqp.in non-CAI, .

As for no maﬁn‘effects for attitude toward school, it does»seem
unlikely that 20 minutes daily\og an ac;ivity would make a difference in
a general attitude such as thié. Twenty minutes of confusion, or anxiety
would seem to neutralize any positive attiﬁudes toward school generaﬁed
by CAL for its short duration.

The similarity of results regardless of using reading or math
achievement as a factor suggests tha& the ability of these students has
‘not yet diffefentiatgd into levels of reading,and math ability. That is,
a good student .is not selectively better at math than reading, but rather

he/she is good at all content areas.

The interesting and important finding with serious implicationS, was
that CAI may prdve helpful to minority\gtudents by improving the extenf
to which they feel in control of their successes. By interacting with a
couputer, a student is permitted a sense of control over the learning
situation without the pressures from teachers and peefs.

Although CAI students really have only a limited.control qf their
learning sessidn, the illusion of control is provided tﬁrough logging on,

then display of greetings or messages, entering answers and receiving

reinforcing statements, followed by display of more questions. Such
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illusion of control has been shown to significantly improveperformance
in-a vériety of laboratory situations (Perlmuter & Monty, 1977).

Independent of CAIl, attitudes were relatéd to entry achievement
level - higher levels dfrachievement were associated with a greater sense
of control. This finding is consistent with the rgéults.of other similar
studies (Lefcourt, 19;6). Sex differences were anticipated in attitudes
toward school. Females showed more positive responses.

Generally, CAI curriculg have beeﬁ shown to improve achievement.

This is of obvious importance, but equally important is a need for

students to understand realistically and objectively tﬂeir capabilities
(see Smith, 1973). From the ‘present longitudinal evaluation, computer

use by eéucationally disadvantaged students may enhance self-responéibility
for academic success. The ;eality that the user - not the computer - is
responsible for success and failure may be a windfall for students who

tend to have less faith in their ability to control the course of their

achievement.
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Appendix

Attitude Subscale Items




. 1. Attitude towards Reading

- I am good at school

a

I-am very proud of the way
¢ 1 read.

3,

S

I am a good reader.

‘I feel very-smart when
I'm reading.

Reading is easy for me.
2. Attitud;.towards School

I like school.

I'like gpél}ing.

Writing letters is :fun.

I am pretty happy these
days.

I usually feel pretty good
at school.

I like to be called on in
class. '

-15-

3. Attitude towards Mathematics

4, Internal Responsibility for Success

'Math is fun.

I am good at math.
I am slow at doing math.

Math is the easiest thing
I have to do.

I would rather do math
than almost anything.

When I do well in language,
it is usually because
someone -helped me.

When I do well in language,
it is usually because I
tried hard.

When I do well at school, it
is because the work is easy.

When I do well at school, it
is because I try very hard.

When I don't do my math very

well, it is because the
problems are too hard.

When I don't do my math very

well, it is because I don't
trv hard enough.
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Assessment of the Effectiveness of
7“' Computer- ssisted Instruction in the

ETS-&o‘s Angeles Study* e

o

Yniversity of Colorado

e V Glass

!"’

In what follows, an attempt was\made to determine the impact on

pupils' learning of the supplementation ar replacement of part of their
traditional program by computer-assisted instruction (CAI)yi;fhe data
oh which the estimation of this impact was basgd were pfe9{5u51y
analyzed by Ragosta, Holland and Jamison. 1In thjs sen;é:‘no new data
were reported here. However, the same bod} Of'détg h;s been resorted
and reanalyzed in wgys thét may make clear what wa§ seen less clearly
before-(with; of coufsg,fthg concommiFant_risk that some things. seen
clearly before are now 1;st).’ | '

This report is divided into four chapters: 1. Validity of the
Experiment and the Measurements, II. The Effects of Additional Com-
puter-Assisted‘Instrzg;jon, III. The Effects of Replacing—Traditional

Instruction by Computer Assisted Instruction, and IV. Notes on Al-
| h
1

ternative ‘Methods of Improving Achievement.

|

. /- ‘
. *The analyses reported here were produced from data supplied to
the author by the staff of the ETS/LAUSD study, Dr. Marjorie Ragosta, |

Directpr. \ . :
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I. VALIDITY OF THE EXPERIMENT AND THE MEASUREMENTS

A. "Experimental Va]ipity. How valid was the ETS-LA experimental design,

: or'?afher;‘which of the many passible eXpe?imEnta1'comparisonS'are:

most valid?

- The complex and comprehensive design employed in the ETS-LA

study is probably familiar to the reader of this report."?igure o

1 is presented as & convenient reminder of the patterns of controls,

durations and grades that make up the experimental design.

1.

f

|

Iniéia1 equivq1ence of groups.

Three types of contrb] groups. are present in the experi-
mental design:'within-CAI‘cdntro1s,vcohort controls, and com-
parison sch001 contro1s. The first group of controls (within-
CAT) weré_pupils receiving CAI instruction but 'not in the
.sdbject (Reading, Math or Language) being evaluated. Thus,
a\gropp of pupils who studieg on]y.m?th by. CAI could serve
as a control group for those pupi]s who studied reading by
CAI when reading performance was being evaluated. 'These
contro1‘groupsi(hereafter referred to as Within-CAf Contro1$)
have seveﬁaI highly desirable features: 1) they were initially
réndoh]y equivalent to{the tr_afment groups, 2) they control
for nove]ty effect» in.comparison witthAI treatmenf groups, and
'3) they are drawn lrom'the §amevc1as$rooms as the CAI treatment
Q}oups thus béing‘eqqivalent in all other respects (teacher .
type, etc.)‘ '

The Coﬁort Controls wereAgrons of pupils like the CAI

- treatment groups but drawn from the classrooms following the
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_treétment groups by one year. In spite of the many ways in which it

|

" can be drgued that they should be similar to the CAI treatment groups,
"ifnqéndiffiédifwiamgﬁaaé.fhé‘&ffferéﬁéé a year makes; hence, their
%tment groups is‘prob1ematic.

ihifia1'equiva1ence to the CAI tre

.- .-The-third control condition C%mpri§es pupils in differehthschoo1s
aftogethef. The objections to its use as a control. are many and - ‘
. obvious. . |
2. Accessibility and Attrition.

Over a period of either qne or three years, pupils left the.

program. The reasons for leaving are unclear; it is unlikely that
the left because of the kind of CAI treatment théy-received. It is
highly implausible that they would leave a'schoolgdue fo the’type of
CAI groups (Math-Math Vs. R?ading-Language VS. Reéding;Reéd%ﬁg) they
were assigned to.” In advance 6f inspecting the data, I WOu1d‘have bet
that attrition would have been strictly randomly distributed among the
CAI curriculum grohps, leaving the'va11dity,bf the Within-CAI Control
groups uncombromised: However, the bggytest means of the CAI
curficu1um groups differ significantly abpearing to indicate that
attrition was not random. For example, consider the CTBS Math Pre-

test scores for Grade 6 students, Longitudinal Data, Total Math:

CAI Group .
Math-Math MRL Reading-Lang.
n: 32 34 28
L
X.: 57.44 58.88 68.21

s, : : 24.00 22.14 18.52

d




The ANOVA F-ratio is 2.33 with df = 2.91; its percentile in the
central F-distribution is approximately the 90th; thus, the
probabitity that random attrition created discrepancies as large-as -
these is pn]y about .10. .The F-rétio for the Reading pretest scores _
is 2.95, which is nearly significant at the .05 level.

in fact, at 1ea§t two factors were at work. During the first
year of the study, nonreaders and Spanish-speaking students who coq]d
not understand the reading éurricu]um were not forced to continue
that assignment but were removed from the assigned CAI group and re-
assigned to Mathematics. Their data did not appear in the study's
resu]té. In addition, attrition over three years operated diffefent]y
on the MM, MRL and RL groups: MM and MRL means on the inital pretest
decreased over time and RL means increased over time. Of the two
factors the greater contributor to initial differences was the first
factor. One has little alternative but to take the fact of non-random
accessibility and attrition seriously and worry about it. The details
of this concern appear in the following section. |
3. Ex Post Facto Correction. '

Inaccessibility and non-random attrition of pupi]soacross the CAI
éurricuium groups may have turned an unusually well designed experiment
into a s1ightly problematic one. Where random assignmentywas never
attained, or broke down, or was compromised by differentially mortality
among treatment groups, the analysis of data falls into the gray area
of ex post facto analysis of covariance adjustment. From all that is

currently understood about the problem of attempting to correct the
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faults of non-randomness by covariance adjustment (Cronbach et al.,
1977), one takes on these problems with deep regrets. There is no
'genuine1y'sathﬁactory‘éoiinbh;'and“ahalysis of covariance may under-
correct, overcorrect or correct‘perfect1y depeinding 6n é hariety ov
conditions (meaSUrement reliabi]ity,.discrepanéies among groups on

unobserved variables) -about which one has typically no information.

With the ETS-LA study, we find ourselves in such circumstances.

I am inclined to take the analysis of covariance findings ;t
face value, but théy are worrisome precisely because they must
be regarded as an ex post faéto patching up of a randomized

: experiment that tou]d not be maintained as fully randomized.

In the end, perhaps, it is the findings and estimates of effects

themselves that are the best evidence of their validity because
they form patterns consistent with the interpretation that the
method (CAI) was effective and that the Within-CAI control

design assessed its effects reasonably validly.

The validfty of the‘Treatment vs. Cohort Control design
is even more problematic than that of the Within-CAI Control -
design, for the reason that assignment between CAI and Cohort
Control groups was non-random in ‘unknown ways.*
4. Control of Intructional Time.
| In most respects, the Within-CAI comparison is the most
internally ya]id eiperimenta] comparisoh avajlable. But some
have objected that éuch a'comparison does not properly represent

the choice between CAI and traditional instructional methods

*Designation of CAI vs. control years for cokort controls was somewhat
arbitrary and might be regarded "as if " random; but even so, it was
as if random at the school level at best and not at the level of pupils.

€113.1 <j~/§\§



faced by the practitioner.

The consideration of this question opens up 2 deeper issue,
which is best approached, perhaps, through a description of the
“schedule of activities in a typical CAI classroom. Students were
randomly assigned to one p? the CAI curriculum groups (viz., M, MM,
RL, MRL). For a short 9ériod several times a week, either the
entire cliass or a porfﬂon of it was sent to the CAI lab. Whgn only
a portion of the class was thus pulled out, those pupi1s‘who
remained might study an academic subject or might éngage in some
less academic activity; exactly what they did varied from classroom
to classroom and probably varied from week to week within the same
classroom. In addition, all pupi1s.were taught in basic subjects
as a normal pékt of classroom work. An inspection of teachers’
Tesson plans would show several hours per week of traditional

classroom 1nstruct1on devoted to reading, math and language.

Hence, the exper1ment must be regarded as a study of CAI supp1enent1ng

traditional classroom instruction. (Th1s point -is important since it

may not be reasonable to conclude that a successful supplement would

be a successful steady diet; bOrédom effects‘wou1d have to be con-
sidered, and particularly in the case of CAI, some of its benefits
may depend on the opportunity to ask questions of’human teachers that

~ the machine can not answer. )

What kinds of instruction did pupils in various CAI curriculum
groups experience? One can speculate with reasonable confidence.

Suppose a teacher taught norma11y and sent the entire class to the

" CAI 1ab for 15- 20 m1nutes several times a week. Then each pupil

(regardless of CAI curriculum group) would receive, perhaps, 100-150




.hours of reading instruction in @ school year and about 75-100. hours

of math instruction. .In addition, pupils in the MM strand would
“receive about 15-20 min. daily of CAI instruction on top of classroom
~ math instruction and more than pupils in the RL strand. Thus, with

- respect to math iqstruction; we have the following situation:

His./Yr. of Math
“Instruction in

/" Traditional Hrs/Yr. of Math Total
- 7/ Classroom in CAl Lab Math Instruction
Pupils in / ) '
{ S CAT MM Strand 90 brs. 50 hrs. 90 hrs. ’
Pupils in 90 hrs. 0 hrs. 90 hrs. l
CAI RL Strand

Under thése cifcumstances, the CAI MM group receives 156% more
instruction in math than the CAI RL group, which serves as its control
group in the within-CAI control group design. Clearly, pnder these
circumstances the comparison of CAI MM with CAI RL on mathematics
achiévement must be regarded as an aséessment of the effects of

{_ additional math instruction provided by computer over and above

f | instruction in math in the regular classroom. If a decision maker
were considering replacing school time spent in art or physical
education with CAI math instruction over and above the school
normal program, this experimenta] comparison would speak to his
decision.

However, CAI MM vs. CAI RL wou]d not speak to the question

g whether pupils' time spent in the CAIl lab‘studying math is better
spent there than in the classroom receiving’E;aditiona1_math

o

instruction from their regular teacher.‘”féyﬁhswer this question,
- : b

one must focus on the CAI vs. Cohort Coﬁﬁr@] comparisons.
i : " /

I 3 ) /
/ /
./ . . g i -




Whieh question_ought one to answer: Traditional-plus-CAI vs.
Trad1t1ona1 or Traditional-and-CAI vs. Traditional (1mp1y1ng that
net instructional t. me is equated in the latter compar1son)7 There
is no simple ahswer. But c]ear]y,‘it can not be argued that one of
these comparisons is phoper and the other improper. It is easy to

imagine a school district contemplating the implementation of CAI

\\\\\\e;::j: as a means of increasing total time spent in basic skills .
' i ct1on or as a rep]acenent for some part of that time currently

spent 1n trad1t1ona1 c]assroom 1nstruct1on in basic skills. In the
\

former case. the W1th1n CAl Contro] compar1son will be most relevant;
1n the 1atter case, the CAI vs. Cohort Control comparison will be
\ . © e

most relevant.

B. Measurement J§J1d1¥x, Which outcome measure is better (i.e., mdre

"valid," fgirer to each program (CAI or Traditiona]), more relevant
to the vafue that\ teachers and Qarents feel they are purchasing
from(;he schoo]s)?
,; 7 The CTBS is a well-known survey- type test of ach1evement in

"basic skt]]s (reading) math, language arts) The CST (Curriculum
Specific Test) was con;tructed by the ETS prOJect director from
among the examples and exercises in the ccmputer soft-ware for

T the CAI course. In the sense of pract1ce on item forms (1 e., the
obvious features of items such as horizontal vs. vertical add1t1on);
the CST favors the CAI subjects and might even be said to be 'biased”
in favor of the CAl group. For example, early item forms on the CST
represented fractions in the form 2/3, a format d1ctated by the
computer hargware but unfamiliar to control pupils who had been

"taught to deal with fractions in the: form 2 . This problem was
: 3

. .,i ‘ | : 4 3r7
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detected and corrected in a subsequent revision; but the possibility

A

- remains that less obviouswéuperfﬁcia] features remain in the CSTs

and continued ‘to favor the CAL'g}oup in a way that was unfair.

But charges of "bias" are not to be made lightly. Sometimes
a "mere" matter of form in a curriculum actually represents improved -
pedagogy, and to remove it is to unfairly degrive'the curriculum of
one of its comparative aannt;ges. So a judié}6Q§ coufse must be
steered between calling a test "biased" in favor of’one~curricu]um

versus reddcing test coverage to the common core of items that may

7

fail to credit a curriculum with its unique accomplishments.

I have not been abJe to perform a careful content analysis of
the CSTs and the curricula in the present study. 'Eut based on a ,>t
knowledge of the history of their broduction, I am inclined to feel
thaf the findings on the CSTs overestimate the genuine value of the ,
CAI program.” On the other hand, the CTBS’findings rﬁn a slight

risk of underestimating the benefits of the CAI program. Survey-

type standardiied test§ like the CTBS often fail to reflect atcu-

3

rately the content of the'currich]um'of a single school district;

hence, their use in eva]uating a new teaching method in a particular

" district may tend to underestimate its value. This problem could

be serious in subjects -1ike social studies where curricula differ -
greatly a}mng school districts; it should be less severe intreading |
and math, particu]a}]y at=ear]ﬁer grades. Language arts cﬁrricu]a
might be expected to differ mo%e among'diftricts than reading and
math curricula. Thus, the CT§§‘can‘be expected to be more adequate
in evaluating the effects of CAI on reading and math'achievement than

on language arts achievement.

135




n
_ The .relevance of validity of the various measures of outcomes of

iﬁstruction might be described in the following terms.

2 B 1

“ ' Type of Test
, 0 cTBS . > eST.
well-matched with well-matched with
= Math beyond the ‘ particular curriculums.
+ | .CAI curriculum. less representative of .
= - - " Math more generally.
/ ¢
we11-matched‘with well-matched with
© | Reading beyond the particular curriculum;
o 5| CAI curriculum. less representative of
b s ' Reading more generally.
M) ol
L
3. . .
only moderately . well-matched with
well-matched to particular curriculum;
‘@ both particuiar less representative of
S| curriculum and . Language Arts more
3 Language Arts. ~generally.
= more generally.
-

C. Over-all Judgments of the Validity of the Design and the Tésts.
For answering the question whether CAl is beneficial when it adds
to 'thé regular program of instruction of fhe schoo1,'the‘within-CAI
-Contfo1 design is most relevant. For answgring‘theAquestion whether
CAl is beneficial when used in‘p1ace of part of the regu1§r insfru{-

tion time, the cohort-control design is most relevant. Although the

former design was randomized but appeared to suffer from djfferentia1
attrition (with poorer students d}opping out of the RL and MRL curri-
culum groups) and although the 1attefndesign was ﬁot’wandohized, their
findings after analysis of covériance adjustment on«prétests are the

_best evidence available to answer the questions. Data from the

. Comparison School design will not be used.
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+he~Curricu1um Specific Tests were constructed in_;uch.é Wéy that: ;
CAI students pfbbab]y enjoyed an advantage on them for reasons‘unrelated , J
to genuinely 5uper1§r achievement. The Comprzhensive Test bf Basic )
ﬁrgkills shares the well-known faults of sténdé}d;zed tests for curri-
culum eva]uation; nonet%eless, it is préferab]e to the CSTs in this
instance and will be used exclusively in subsequent ané1yses of the

*
ETS-LA experiment.

I1. .The Effects of Additional Computer-Assisted Instruction

A. AOhe:xgar Studyt

Analyses in this secfion will be confined to data from "one-year"

»

(i.e., ‘not longitudinal) experimental comparisons. Al1 comparisons are

of -the Within-CAI control group type. The pattern of experimental
comparisons is complex; they come from different years and are made at

different grades. They are shown in Table 1.

1. Mathematics Achievement. In Table 1vappear the experimental

comparisons by gfade and year in which double math periods (MM) were ‘ ¢

compared with single (M) or in which math instruction (either MM or M)
. o : o,
was computed with instruction in reading (R), language (L) or both.

¥

144
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.. ‘Table 1

Experimental Comparisons of CAI

Instruction in Math (M), Reading ﬁgg‘or Language (L)

Year : o ‘ | \\

A 2., 3 A '
Grade o 4 \3
2 M. M | AN
3 MM V. ML Mv. L '
s _ '_ MMv. RL Mvy.Rorl
5 . MMV, RL MM v. RL
| ' . MRL v. RL .
6 3 MM v. RL
MRL v. RL -

*Instruction in Year 1 lasted for only 1/4 school year.

Letting u represent thevef}ect of one unft (10 mins/day)'of CAl
math instruction éﬁéyn represent the effects of two units (20 mins/day)--
it can ngt be asiBmEd'that 2u = n -- then an experimental comparison
such as M v. L estimates u and a comparison such as MM v. M estimates _

. n - u. In Table 2 appear the parameters estimated by each experimental

comparison. o o B




.
PAruntext provided by eric \

- | Table 2

Parameters Estimated by the Experimental

tomparisons in Table 1.

A\ Y
i\ .

a2 3 &7
Grade /
2 n- (2 .
! 3 n-u M
4 n
5 . n n
" ¥
6 n .
H
*Instruction in Year 1 lasted only 1/4 school year. .
. \
. The empirical finding;\hgre 1reated in -the fofjowing manner:- In \\
each experimental cpmpariépn, the pretest-covariance adjusted posttest \\
average for the curriculum gro&p had the adjusted posttgstvaverage f;> | N\\

the within-CAl control group’subtracted from it and the difference was
standardized by the within classroom among pupil standard deviation
(after removing variance due to sexk\ethnic group and classroom).

Adjusted X - Adjusted X

\
Treatmgnt Control

A= -
Stx

The considerations that bear on this choice of a measure for expressin

the findings of the experiment are several and complex; thef are discussed

14

g
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in Glass, McGaw & Sm1th (1981) . The measure A describes the average '
difference in eXper1menta1 and contro] .groups. measurea in units of the
standard dev1at1on of pupils' scores. The meaning of its algebraic
sign (+ or -) is obvious; assuming normal dtstributions of scores
(probably a safe assumption in the preeent instance), tts magnitqde can
be interpreted in terms of the'we11-known properties of the normal

distribution, e.g., if A = +1, then the average pupil's score in the

Jexperimepta] group exceeds 84% of the pupils' scores in the control

group, and so forth. ”A spectal meaning that can be attached to a
standardized mean difference measure of effect size in educational

contexts derives from widely known norms for é;e rate of achievement

‘growth per month‘of_typical schooling. At'most elementary school

grades for most measures of educational achievement, the difference
between the average pupil at the beginning of a grade and at the end

of the same grade 1s about 1.0 standard deviation units. Hence, one
month's typ1ca1 instruction (on "time spent in schoo1 ) accounts for

a growth of about 0.10 standard dev1at1on units. - Hence, an instructional

method that produces a +.50 effect size is resoons1b1e for benefits equa]

to those bought by five months of typ1ca1 c]assroom instruction.

The estimates .of parameters appear in Table 3 for the CTBS mathe-

matics test, which included subtest scores for Computation, Concepts

and Applications.
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_ Table 3
/Est}mates of Parameters for CTBS the Subtests Math

Computation/Math Concepts/Math Applications.

Year
Grade . 1 o / 2 3 4
2 n-o: .35/.33-%
3 | ’ A - p: .38/-.03/.08 wi .27/.06/.10
P n: .27/.08/.10  p: .43/.07/.06
5 . -l e .377-.02/-.09 n: .52/-.10/-.16
' | |

: .19/-.27/.04
' :.33/.05/.26

()]
= > 3>

: .16/-.09/.21

*CTBS Concepts & Applications subtests are‘combined.at Grade 2:.
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Table 3.can~be read as follows: in Grade 3 during Year 2 (in
which MM was compared to M), the covariance adjusted standardized mean
différence between MM(ZO’min./day) and M (10 min./day) of CAI instruc-
tion is .38 units on the Computationé subtest, -.03 units on the
Concepts subtest and .04 units on the Applications subteét. Thus, in
math computation, the average fhird-gfade pupil who received 20 minutes
daily of CAI instruction scored higher by .38 standard deviation units
than the average pupil who received 10 minutes of CAI math instruction
daily. In math concepts, the average M pupil scored higher than the
average MM pupil, but trivially so (by .03 standard,deviatioh units).

a) Math Computation. The various estimates of u and n in Table 3
can be cohbined to obtain over-all estimates. .

The éverage of all the four different estimates.of p in Table 3
is +.29. The four estimates of n average is .37. Combining these
yields an. estimate of n - p of

- ~

n-u=.37 - .29 =+ .08.

But in the two instances in which MM and M were compared directly
within the same classrooms (Grade 2, Year 1 and Grade 3, Year 2), the
estimate of n - p = (.35 + .38)/2 = .36. |

These es%imates (.08 vs. .36) derived from two separate sources:
are somewhat disparate. Perhaps the discrepancy results fn part from
a confounding of treatment effects with grade level, since the .36
estimate of % - ; cbmes from data at Grades 2 and 3 and the .08 estimate
from data at Grades 4, 5 and 6. The discrepancy can'ndt be attributed
confidently to such an interaction since the entire experimental dgsign,

‘of necessity, fell far short of a'comp1ete1y crossed factorial design..
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There appea\ to be no "year" effects in the data for math computa-

/
tion, i.e., exper1ments in years 3 and 4 don't éﬁpear to have given

'systemat1ca]]y d1fferent est1mates from those done in years 1 and 2.

But, aga1n,,1n S0 far as can be d1scerned in the 1ncomp1ete de51gn of
Tab]e{Z there apﬁgars to be an interaction of MM v. M compar1sons and

graqf level. Hence,' in what follows 1mmed1ate1y, n and p will be

estimated separately for grades*é and 3 aqd for arades 4, 5 & 6.

The problem of what fo do with the Yea4 1 hata for Grade 2 is difficult
to resolve. 'If instructional time is 1i9¢érQy related to amodht learned,
then perhaps the figures for Year ]jshou]d be quadrupled sipéé CAl
instruction was given only f9? tﬂ;/ﬁonths of February thrdhgh April,

or at least, the CTBS was administered in April. But multiplying .35

by 4 gives an absuredly large figure of 1.40 for the advantage of MM

over M, a figure that is much larger than any other direct estimate

of n - u for a whole school year. It is difficult to know how quickly
pupils ﬁoVed through matéria]s in the quarter year of CAI in Yei? 1
failing that"know]edge and faced with the embarrassingly large {.40,
it seems wiser to take the .35 estimate at face value and nét tamper
with it.

From all data in grades 2 and 3, the one available estimate of ﬁ
is +.27. The two estimates of n - u agree quite closely: .35 and .38;

it seems sensible to replace them with their average, .36. The two

estimates have the following imp]ications}

no-wo= .36
uos .27,
imply that
n=.3+p= .36+ .27 = 63,
A A
1/!-()..
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Hence, at Grades 2 and 3, the effect of 10 min/day of CAI on math

computation is .27 standard deviation units on the average; the effect

of 20 min/day is .63 standard deviation units.

At grades 4, 5 and 6, the results look slightly different. The
a three available estimates of u (the'effect of 10 min/day) average .26.
The four e;timates of n (20 min/day) agree somewhat poorly
(.27, .33, .37, .52) and their average is .37. Combining these two
- estimates yfe]dS'an estimate of the effect of the second daily 10 min
instructional period of
n-qo=.37-.26=.1.
But an argument could be made that the Grade 5, Year 2 and Grade
6, Year. 3 experihents are to be preferred in estimating a - ﬂ since MM
and M were applied to the same classrooms within each experiment.
Basing the estimate only on these two experiments yields
n-wo=(.37+.33)/2 - (.19 + .16)/2 = .18.
This figure agrees nicely with the over-all estimate.

Hence, at Grades 4, 5 and 6, the effect of 10 min/day CAl on math

computation is .26 standard deviation units on the avérage; the effect

of 20 min/day is .37 standard deviation units.

A]thpugh the effects of 10 min/day of CAI instruction is greater
at Grades 2 and 3 than at Grades 4, 5 and 6, at either level the
effect of 20 min/day is from one and one-half to twice as large as the
‘ effect of 10 min/day.
b)vMath Concepts.
There is no evidence of any treatment by grade level interaction

on achievement in math concepts, so the analyses that follow immediately

. O ‘ . | ] ' ‘1 l! ’7
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will ignore grade level. Grade 2 in Year 1 is eliminated since math

concepts and applications were not tested separately.

Type of Estimate . Value Grade  Year <
s Y s 2
' Y SRR S
n .08 4 3
n -.02 5 2
n -.120 5 4
n 05 6 3
s - .03 3 L2

These effects are consistently small, and worse, mostly negative.
The estimates of n and u can be formed by simpie averaging of -the
individual estimates:

= -.10

3> T

.= .00 .
The difference n - p estimated in thfs manner'is
n-u=.00- (-.10) = +.10.
The direct experiqental estimate of n - ﬁ is -.03. The average
of these two estimates is +.03.

|
.-}

‘lfjé; - : /
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simultaneous linear equations that can be solved by methods of least

o

square ,
"1 0] ' .06 |
\ ";A} S N -.27 ;
1 0 ‘ -.09 !
\ ; 0 1 : .08 | u
\ oot -.02 |
o 1 -.10 t
0 1] | 05
BRI | -.03 ]

Denoting the left-most matrix by X and the right-most by Y, the

‘estimates are obtained from

~

Tl L T

= (XX} - XY.

~

n

The solution is as follows:

>

=

1
o
~¢

=3

These results can be taken in one of at 1ea§t two ways: (1) the
CAI méth instruction for 10 min/day confuses (; . -.07) -pupils at the
conceptual level but the confusion is removed with another 10 min/day
so that they are left where they startéd (; . -.02); or (2) the CAI .

math instruction has no added benefits at all at the conceptual level

444
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~and the small numbers (-.07, -.02) merelxﬁref]ect random or noisy

perturbations in the evaluation system. I favor the second interpreta-

tion.

c) Math Applications

> The e-timated effects and the parameters estimated for math

— -

applications are as'foli&ﬁs}

Type of Estimatg:;i:a, Value Grade Year
: T s ) "
P 04 8 2 .
4 . .21 6 3
" , 10 4 3
" f 09 5 2
" -.16 5 4
n .26 6 3
n - q . .04 3 2

Again, this set of numbers and parameter estimates can be treated
as a system of linear equations and solved by the methods of the previous
section: ' _ ‘ o <
.07
n .| .0a

Thus, the effect of CAI instruction in math on math applications

is essentially zero whether given for 10 min/day or 20 min/day.




“ERIC

d) Summary of Findings for Mathematics.

Covariance Adjusted Effect Sizes |
Classified by Type of Math Achievement, -
Grade Level & Amount- of Instruction

Area of Math Achievement

Coﬁputation R Concepts~ o Applications

Amount of' ‘

CAI Instruction Grades Grades Grades Grades Grades Grades

per day - 283 4,54 6 243 4,58 6 243 4,584 6
10 mins. .27 .26 .07 -.07 .07 .07
20 mins. .63 .37 -.02 -.02 .04 .04

2. Reading Achievement.

The design of one-year experiments assessing CAl reading

iﬁstruction with an off-strand instructional program is presented

Ain Table 4.
Table 4
' Experimental Comparison for
CAI Reading Instruction
- ‘ Year (
Grade 1% 2 | 3 NS
4  MRL v. MM | RL v. MM Rv. M
RL v. MM .
5 . MRL v. MM ' RL v. MM
RL v. MM '
6 " RRvV. MM . MRL v. MM
RL v. MM ‘ RL v. MM

* In Year 1, instruction lasted only one quarter of the school year
(Feb. - April).
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EIfap stands for the effect of 10 min/day of CAl reading instruction

" and 6 is the effect of 20 min/day, then the experimental comparisons

~in Table 4 provide estimates of these parameters as indicated in

&

Table 5. Note: In the MRL strand, read1ng 1nstruct1on is for a

tota] of 25 minutes per week or 5 m1nutes per day. Denote the effect

- of5 m1n/day of CAI rgad1ng instruction by vy.

Tab]e 5

Parameters Estimated by Exper1manta]
Comparisons in Tab]e 4

Year .
1 2 3 &
Gréde
- 4 ¥ p p
. P
5 [ p
P
G‘e ¥
B P

The estimates of the effects of these pa;ameté?s,'again in the form -
‘of covariance adJusted standardized mean d1fferences, appear in Tab]e

6 for reading vocabu]ary and comprehens1on

“
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Table 6

* Effect Sizes from Experimenta1.Comparisons‘(Tab1e 4) and
the Parameters Estimated (Table 5) for Reading Vocabulary/
Reading Comprehension. _

Year .
Grade 1 2 3 4
) v: .04/-.04 p: .25/.26 o .26/.18
o: .28/.23 |
5 i .03/-.25 | o: .23/.31
| | o: -.03/-.09 . B
6 6: .26/.45 9: .51/-.06
o: . o: .45/.03

: .28/.51

a). Readiﬁg Vocabulary
There are seven estimates of the effect of 10 min/day CAI instru;-
“tion onlreading vocabulary in the data in fab1e 6. When averaged,
these estimates éhow the f611owing.trends acrdss ‘years and grﬁdes:

Average Estimates of p By

Year »
1 2 3 . 40
.34 - -.03 .35 .24
_ Grade | |
4 5 6

.26 Jd0 0 .37

[N
(R |
&2
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There are differénces to be noted here, viz.,'a11 the way from
-.03 to .37, but the differences do not look like reasonable trends.
The "best yeé;" for CAI reading vocabulary was the third, and the
"best grade" is the sixth, but the fifth is worse than the fourth.
The variéﬁi]ity is’more confusing than orderly and conclusions about
inte;actions of CAI effectiveness with‘grade level or year of the
sfudy wode be unwise. The variability of effects of CAl on reading
vocabu1a}y in Table 6 1s.d1§§£g§§iﬂglz_lﬁtgf.(from -.03 to +.51) and
can not be accoﬁnted %of by anything simple and obvious. |
The average of the three estimates of y is +.§9, but to obtain it
dne had to average .04, .03 and .51 (a case of the average not beiﬁb
‘'very "average"). '
Averaging the sevgn/égz;mates of p in TaE]e 6, we obtain
| h = .25.
Th; single available estimate of the effect of 20 min/day CAI
instruction -on ;eading vocabulary (from Grade 6 - Year 1) is
6 = .26.
Is 10 min/day of CAI instruction really as effective as 20 min/day,
as reflected by ; = .24 and 5 = .26? I doubt it. The estimate of o
is even mdre'dubious because it cameAfrom a Year 1 experiment, the
f@yeaf"kthat lasted only from February to April. (But to add to‘the
’confusion, notice that ; for Grade 6 - Year 1 is larger than the avérage
of all other estimates). |

I am inclined to treat the single 20 minute (RR) experimental

comparison and fhe three 5 minute (MRL)Qcomparisons just like the other”
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10 minute (R) comparisons and average all 11 estimates of the effect of.
CAI on Reading vocabulary.

Conclusion: ; = ,23 for reading vocabulary, with the qualification

that.thé estimates of experimental effect are quite variable around this

average fiqure, ranging from -.03 fo +.51.

b) Readiﬁg Comprehénsion

The reasoning that led to the estimate of p for reading vocabulary
applies in many respects to the estimation of the effect of CAI instruc-
tion on reading comprehension. ,

| The estimates of o for reading comﬁrehension in Table 6 range

from -.25 to +.$1, and thus are even more variab1é than the estimates
of the effect on reading vocabulary. The inspection of the data for
trends across.years and grades produces fhe fo11owiﬁg results:

Average Estimates of p By

. 4 - Year

1 _ 2 3 4
29 =17 .08 .25
Graden

4 5 6

.16 -.01 .23
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\\ ansgnsib1e trends for either Year or Grade Level afe apparent.
'Tﬁg\fhree éﬁtima;eS'of v, the effect of 5 min/day CAl instruction, aver- I
age\;o ‘ . |
= [-.08 + (-.25) + (-.06)1/3 = -.12.
Tﬁg seven estimates of p, fhe effect of 10 min/day CAI, average

to - -v\ .
A\ ) : _ : :
p %\[.23 + .26 + .18 + (-.09) + .31 + .51 + .03]/7 = .20.

A

The sfqg]e estimate of 8, the effect of 20 min/day of CAI; is

~

.\\ o = .45.

This iﬁ &innitely a trend in the expected»direction, and the
distinction amokg number of minutes 6f instruction per week accounts
for som; of the t(oublesome variability in the various estimates of
effects. For exaﬁkge, the 11 estimates in Tab}e 6 range from -.25 to
+.51 with a variancé\of .06. But the (weighted) average variance of
effects-wi?hin the S\Nin/day and tﬁe 10 min/day categories (20 min/
day is, of course, not\gonsidered since it‘has only one estimate of

effect) is .04. Thus, fhe instructional. time distinction reduces

variability in éstimates 6f effects by 40%.

c) Summary for Readiﬁg Achievement




Effect Sizes Classified by
Reading Vocabulary & Comprehension,
Grade Level & Amount of Instruction

29

Amount of
Instrqction

Reading Vocab.
(Grades 4-6)

Reading Comprehension
(Grades 4-5)

5 min/day
for one year

10 min/day
for one year
~

20 min/day
for one year

.23

.23

.23

-.12

.20

.45

b
(994}
-3
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3) Language Arts Achievement.

The design of experimenta1 comparisons for assessing the
effects of CAl language appears.in Table 7. Beside the
designation of the On and Off-strands, therg appears the

parameter estimated by the comparison (either AS’ k]O or XZO

- for 5 min/day, 10 min/day or 20 min/day ofv1anguage.instruction).

Table 7
Experimental Comparison for CAl

Language Instruction

Year
1 2 3 4
Grade

3 "ML v MM:.A]O L v. M: A]O
4 'MRL v. MM: As | RL v. MM: A]O' L v. M: A]O

RL v. MM: 2 :

10 .
5 ' C MRL v. MM: Ag RL v. MM: A]O
| RL v. MM: A]O

6 LLv. MMz %y MRL v. MM: 3

RL v. MM: A]O . _ RL vr MM: A]O //

/

*Instruction in Year 1 lasted only from February through April.
. » /
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a) Achievement in Spelling, Mechahics & Expression:
The estimated effect sizes correspondingffo~the
comparisons in Table 7 appear in Table 8. //
Table 8
Effect Sizes for the Experimental Comparisons
in Table 7 for Language Arts Achievement:
. Spelling/Mechanics/Expression.
,'Year
Grade 1 2 2 3 ' 4
3 Mot -+12/.10/.01 Xq0: -51/.317.12
4 . Ag: +.08/-.01/-.07 Mo: +03/.81/.33 x o .48/.44/.20
\Mygi +34/.21/.2] |
5\ . Ag: -.16/.16/-.25 Mot -+09/.21/.33
\ \ A . .
A]O: .22/.16/-.38
1 6 Aog -.10/.08/-.09 gt -.13/.07/.17
. ?1 A]O:“.11/.18/.12 | A]O: -.03/.21/.20

First, consider all estimates A]O and average them to determine

whether trends exist for grade level or year:




Average i]O for Grades & Years,

(Spe]]ing/Mechanics/Expression).

: Year
1 2 3 4
.23/.20/7.17 .05/.13/-.19  .00/.317.27 .30/.32/.22
Grade
3 4 5 6

——
—

.21/.217.07  .28/.35/.25 -07/.18/-.02 04/ 20/.16

Inspection of the average effects across either grades or years

shows no consistent trehds. Both grade and year can brobably be safely

ignored in the analyses that follow. In the following table, the

estimated effects for 5 min/day, 10 min/day and 20 min/day of CAI language

instruction are compared:

Average Estimated Effect Sizes:

32,

Spelling | Mechanics Expression {# of Effects)
5 mins/day, Ag: =.07 .07 -.05 (3)
10 mins/day, A]O: _ .16 .25 .13

20 mins/day, 120: -.10 .08 -.09

The above averages are indeed small, but a trend may be lurking

in them.  First, the threé 20 min/day figures probabiy ought to be

eliminated from consideration since they are based on a single experimental

comparison performed in Year 1. The 5 min/day averages look to be genu-

inely zero. fhe 10 min/day averages remain. They are small (.16 for

spelling, .25 for mechanics, .13 for expression) but they hint at a

reliable non-zero effect. Consider the graph of the effects in Figure 2.

1oy
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These are the 27 effect sfzes for CAI language instruction when instruc-
tion\Was conducted for 10 min/day for one school year.

The arrow in Figure 2 marks the average of the 27 effect sizes.
Howe:er, one of tﬁe 27 is clear]y an "outlier,"viz., the value of
-.38 for Grade 5 - Year 2 (cf., TaS]e A-8, p. 412 in Dixon and Massey,
1957). Elimination of the outlier raises the average to +.18. It
seems advisable to remove the aberrant point even though the reasons.
for its uniqueness are not known. The 26 rem;}ning effect sizes can

be averaged and arranged in a table in which type of language skill and

amount of instruction are represented.

® ®
‘ ® o 0 ojee qRoeee

“.5 -4 =3 -2 -1 O |\ .2 .

€3 ’i.
P
6,

Figure 2. Effect Sizes for CAI Language Arts Instruction.

b) Summary for Langquage Arts.

Spelling Mechanics Expression Average
5 mins/day: -.07 .07 -.05 -.02
10 mins/day: .16 .25 .19 _ .20
_Average: g .04 .16 .07 | .09

These data appear to indicate no added benefits for 5 minutes/day of

language arts CAI but consistent small effects for 10 minutes of instruction.

161
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~B. The longitudinal kThree-Year) Studies

In Table 9 appear the estimated experimental effects on math, reading
and language achievement from the two three-year longitudinal studies
‘using the CAI On-strand vs. CAI Off-strand design. The source of the
data upon which'the'estimates are based is the report of test scores in
the final report.
The sensitivity of standardized language arts tests to local
curricula has often been questioned; moreover, the success of computers
in promoting rote learning as.opposgd_to conceptual learning has frequently
been suggested. Both phenomena appear to te reflected in Table 9.
There is a solid benefit of between a half and three quarter§ of a
standard deviation for math computation. The addition to the regular .
instructional program of 20 minutes each day for three years of CAI
teaching in math appears to hdve added about .70 standard deviation units
of achievement to the average student's skill in math computation. The
benefits of the CAI instruction on his knowledge or understanding of ’
math concepts and applications ié less clear. B
De?pite the likely mismatch between the language subtests and the
language arts CAI curriculum, there appear to be small positive benefits
accruing for 10 min./day of 1angdage instruction. The variability in
reading effects across the two studfes is so great as to preclude any
final statement on the benefits of the long term ﬁse of the reading prog-
ram. | , .
Some the the relationships between the control and CAI groups are
depicted in Figure 3. One sees that the average Math CAI pupi] scores

about 76 percent of the control pupils on Math computation after three

years.




Table 9

"Effects of Additional CAI Instruction in Basic Skills on
~ Achievement in Math, Reading & Language for Three-year Longitudinal
Treatment Study: CAI On-strand vs. Off-strand Design.

CAl On-strand of CAl On-strand of

20 min/day vs. 20 min/day
Achievement CAl Off-strand
Test (n] =n, = 30) (n] =n, = 30) Mean Effect
Grades 4-6. Grades 3-5. Size
Math: ‘
Computation =~ A = .64 .79 v 0.7F
Concepts .28 | -.10 - 0.09
Applications .58 -.05 0.26
Reading:
Vocabulary .58 -.04 ‘ - 0.27 N
Comprehension -.24 .24 0.00
Language: '
Spelling- ’ .22 .06 0.14
Mechanics 09 .40 - 0.25

Expression .22 .24 ' 0.23
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CAI Groun

. . l ammni
76th ¢-ile of
Control Group

rﬂ’—\?'loa—x

Control

Math Comnutation

CAlI Group.

54th %-ile of
Control Group

fontrol

Math Concents

CAI Groun

60th %-ile of
Control Groun

Reading Vocabulary

Fiaure 3. Effects of CAl on Math Computation, Math Concents and Readina
Vocabulary from the Three-year Longitudinal Study

48‘1
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C. Summary of.Effectiveness Aﬁ%]yﬁes

The data analyzed here on the effects of CAI instruction on reading,
math and language arts are summarized in this section. Find{ngs are
not reported separately by year of the study, since this distinction
made no difference in the size of the effect produced by CAI. Likewise;
grades are lumped into‘Gr;des 2-3 and Grades 4-6, becauée the possibility
of an interaction of effectiveness with grade exists for math achievement.
Amount of instruction per day (5, 10 or 20 minutes) was an important
variable and is represented in the table. See Table 10.

Table 10 is already a highly condensed table in which details are
ignored (one hopes none of them are véry important) for the sake of
coming to an understandable conclusion. In spite of the condensation
in Table 10, one's eye is still distracted by incidental features.
Perhaps the findings can be made clearer by an "enhancement" of the pic-
ture, in the manner of computer enhanced photographs. Table 11 is based
on Table 10; it was produced by exaggerating the "signal" in Table 10 and
rdamping the "noise." What is signal and what is noise is difficult to
judge. The following rules weré-used to enhance Table 11: (a) negative
numbers were changed to zero, (b) most positive numbers were rounded
to the nearest .05 number, (c) grade-by-treatment interactions were

- {gnored (by averaging over grades) since they were based on less solid
evidence, (d) other things equal, large sample results should count

more heavily than small sample results.

:;1 Aoy

“ R
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. _ Table 10 ' N
Effect Size (in Standard Deviation Units) for Various \
‘ Amounts of Computer-Assisted Instruction. for AN
Achievement in Mathematics, Reading & Language Arts , \\
:‘7’? j' '. R \
o Math’ - ‘ ~ Reading ) \ Lanéuage
- ' 3 : 3 °
o Computation  Concepts Applications Vocabulary ComprehensiomSpe]ling\_\ Mechanics Expression
" " Mins./day Years Grades: 2-3 4-6 2-3 -6 2-3 4.6 .2-3 46 2-3 4-6 2-3 4-6\2-3 4-6 2-3 4-6
5 1 e e e e emem .23 -.12 - -.07 .07 -.05
10 1 .27 .26 -.07 7.07 .07 .07 .23 .20 16 .25 .19
R R I 63 .37 -.02 -.02 .04 ‘.04 .23 a5 - [
' 101 3 B - v .00 Y .25 .23
20 cg 71 .09 R -- S — -- -
_ (Where cells are blank, there were no data.)’
EECI. - o ~
T ) | - ey
(o]
A’I.’! 4




/ _ Table 11

“Enhanced" Version of Table 10

- \'  Math . __Reading : 3 Language
Mins/day Years ‘Computf Concept Appl. Vocab. Compre. Spell. Mechan. Express.
-0 min. 1 25 00 .00 25 .20 J5 .25 20
20 min. 1 : .50 .00 .00 .25 45 -- -- -
10 min. 3 - - - .25 .00 .15 .25 .25
20 min.- 3 .70 .10 .25 - - - - -
* | Math Comp.
Grades  Grades
Mins/day - 4-6
10 min. .30 .25
20 min. 65 .35
. 169
4o :

6€
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ITI. THE EFFECTS OF REPLACING
TRADITIONAL INSTRUCTION \ .
BY COMPUTER ASSISTED INSTRUCTION:
FINDINGS FROM THE COHORT CONTROL DESIGN \
\
‘The comparison“of the achievement of pupils studying by CAI with

the achievement of pupils who were taught‘one year earlier oh later in
: X ES \

the 'same school is called a Cohdrt Control Design, and it addresses a

)

different questionbfrom the findings of the Within - CAI Design\

Since total 1nstruct1ona1 time was equated between the CAI groups and

¢

the Cohort control groups, the CAI vs. Cohort compar1sons measure the

effect of repldcing some time (10 or 20 mins. two to five times a week)'

in traditional instruction by the same amount of time with CAI. (Thex
findings reported earlier measured the effect of adding CAI instructionz

to the-existing curriculum, which was otherwise unchanged.)

The Cohort design was earlier judged inferior to the Within - CAI design;
to repeat what*was written about the validity of the Cohort design ‘earlier \x

in -vthis report, "The validity of the CAI vs. Cohort Control design is \

.even more problematical than that.of the W1th1n - CAI Contro] désign, for the \\

reason that a551gnment between CAl and Cohort Coritrol groups was non- random
in “unknown ways. Designation of CAI vs. control years for Cohort control was’
somewhat arbitrary and‘might be regarded 'as if' random; but even so, it was
as if random at the school level at best and not at the level of pupils."

The validity of the Cohort desiyr is probably not as bad as was earlier .
indicated. A feature of the CAI schedule permits'estfmation of and correction
for most of the weaknesses of the Cohort design hithin a CAI classroom, pupils
were randomly \assigned to CAI curriculum groups, such as-M, R, L, RL and so-
forth. - When a CAI M-group is compared with a Cohort control group from the |

same school but from an earlier (non- CAI) year, the’ compar1son is confounded

i 1
N -‘:/‘

—
p—

410 v?'
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by a large number of unknown non-random influences plus it is presumed to
benefit unfairly from thei"nove]ty" effect of CAI (i.e., pupils may attend
to instruction more c]bse]y only bebause it is incideﬁta]]y associated wi;h
the excitement of computers). However, the CAI R-group, wh1ch stud1es
Reading but neither math nor language by CAI, is subJect to both confound1ng
influences (non-random nonequivalence and novelty) to the same degree as the
V ~ CAI M-group... Consequently, in asséSsing the impact of CAI on,mgﬁh‘achieve-;
ment, fhe CAI R-group's E@EQ-scores provide ah excéT]ent correction for the
cohfoundiné'inf]uences affecting the CAI M-group and Cohort control comparison.
F Hence, where péssib]e in the analyses that fo]10w, a CAI vs,fCohort comparison f'
wi]T be corrected by subtracting the "effect" of CAI for the comparison of'
Qan equivalent group studying a'differenthUrricu]um by CAI and its Cohort ,
;ontro]. .The va]idity of tﬁé”resu]ting corrected effect should be quite respech

s

able.

T

In ‘Tables 12-14 appear the estimated effect sizes arranged by subject

tested (mathemat1cs, ‘language and read1ng) the year of the four-year ETS study

<

in which effects were assessed (either year #3 or, #4), the duration of the CAI,
: _ . : rooT® S
instruction with the treatment group (1, 2 or 3 school years), and the school

~grade level (2-5).

A. Mathematics Achievement.
In Table 12 appear the findings for mathemgtics, reported on three subtests

(computation, concepts and applications, the latter two subtests being éombined
at grades 1 and 2). A1l of the effect sizes at grades 4 and SAare controlled,
in the sense thap there is a within-CAI randomly equivalent curriculum group
v(either RL,'R or 1) that is comparedoto the same Cohort control. The average
effect sizes for the five experimental comparisohs‘at’grédes 4 and 5‘ggfgig~
éorrectjon by subtracting the estimated effects of invalidity from the RL, R

_or L vs. Cohort comparisons are as follows:

174
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- v :l' 'g . u‘ - . )
~ *—g?f' £ fﬁ Sl‘g-ﬂ;r heuMs:

Year of the Study :
3. ‘ 4

[

Duration of CAI Instruction

Tyr. 2 yrs. 1 yr. 2 yrs. 3 yrs.
Grade of 'Achi;v.
Meas. : ‘
MO v. 00: MM v. 00
(.35/-.04/%) (.67/.50/*)
2
OM v. 00:
(.44/.45/%*)
: L : «M v. Coh. M v. Coh. M v. Coh.
3{ " « (.29/.03/.14) (.61/.44/.19) (.14/.04/-.24)
MM(3) v. Coh. : ' " M v. Coh.
(.78/.40/.54) . . (.72/.60/.36)
: RL(3) V. Coh.x ' R v. Coh.**
4 (.20/.17/.25) | ™ (.23/.51/.27)
! > L v. Coh.**
MM(2) v. Coh. ‘
(.49/.28/.59) | (.40/.18/.31)
RCT2) v. Coh.*
(.24/.28/.45)
MM v. Coh. . MM v. Coh.
P 5 (.77/.29/.36) (.70/.18/.28)
RL v. Coh.** RL v. Coh.**
e (.17/.485/.51 (,08/.11/.22
Grade 1, Year 2: (.37/.14/%) . ’
*At grades 1 and 2, the Concepts & Applications sections of the CTBS are combined.
«*These effect sizes estimate the combined effects of experimental internal invalidity and CAI novelty. b

¥
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:  Uncorrected Average
Effect, Grades 4 & 5

Computations k .69
Concepts ' .35
Applications .43

=

" When these figures are corrected by subtracting the RL, R or L vs.
Cohort effeéts, the following averages are obtained: |

Corrected Average Effect
Sizes, Grades 4 & 5.

Computations .49
Concepts- ' .08
Applications .08

These figures agree reasonably well with the egtimated effects in Tables -

10 and 11 for 20 mins/day of CAI for instruction of duratioh 1 to 3 years,
the largest diScrepancy being a larger effect on Applications-in the previous
analyses. r ,

The estimates of effects at grades 1-3 in Table 12 are uncontrolled iﬁ
the sense that they lack within-CAI curriculum groups (RL, R or L) vs. Cohort
control comparisons for correct1ng for nonequivalence and novelty effects
These est1mates of effects differ further from those at the higher grades in
that the Concepts and Applications subtests are merged. The average effect
sizes dn the subtests are. as follows: ‘ | '

Unco;rected Average
Effect Sizes, Grades 1-3

Computations § .41

Concepts & Applications .13

\.
-
a . N .
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These figures show the same trends as -the comparable figures in Table 10
and agree reasonably well, though not precisely, with them.

B. Reading Achievement.

In Table 13 appear the estimated effect sizes for the Reading subtests of

_ Vocabulary and Comprehension. The M and L CAI group vs. Cohort control effect

sizes can be used to corrést the R and.RL vs. Cohort contro] effects. Each of

fhe five CAl Reading effect sizes in Table 14 can be corrected in this manner;
the R vs. Cohort effect for grade 4 - year 4 Was correéted by the_average of
the effects for M vs. Cohort and L vs. Cohort. The average coﬁ;écted effect

sizes for the Reading subtests are as follows: ' f?

Reading Corrected Avefége
Subtest ) Effect Size '~
Vocabulary | .14
Comprehension : .15

These effects are very nearly zero.

C. Language Arts Achievement

"~ In Table 14, the estimated effects appear for the language subtests of

Spe]lihg, Mechanics and Expression. With respect to tge assessmént of‘]dnguage
outcomégtxthe M and R CAI vs. Cohort control effects can be wused to Eof?ect the

. RL or L vs. Cohorf control effects for the nonequivalence of the two latter
groups and fhe novelty advantage of the CAI groubs{over the Cohért control groups.

Unlike in Table 12, all of the CAl language effects can be corrected. Their

average for each subtest is as follows:

-

- Language Corrected Average
~ Subtest Effect Size
Spelling - -.03
Mechanics \ .25
- Expression . .15
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~Table 13: Effect Sizes for Reading: (Vocabulary/Comprehension) from CAI vs. Cohort Design

Year of Study
3 ' ' 4

Duration of CAI Instruction

2 yrs. _ 2 yrs. -3 yrs
Grade H )
RL(3) v. Coh. . R v. Coh.
(.11/.34) (.35/.25)
(3] V. Coh . ** M v. Coh.**
4 (.18/.29) | (-.05/-.02)
L v. Coh.**
2) v. Coh.
?fgg},gg)c°“ | (.25/.16)
(27 V. Coh . - .
| (.22/.34) - ;
RL v. Coh. RL v. Coh.
(.50/.44) - (.41/.20)
E | | MM v. Coh.** MM v. Coh.**
(.30/.27) (.34/.18)

**These effect sizes estimate the combined effects of experimental internal invalidity and
CAI novelty.

Sv
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Year of Study

3

Duration of CAI Instruction

2 yrs.

2 yrs.

3 yrs.

Grade

RL(3) v. Coh.

(-.16/.66/.56)

"L vs. Coh

(.07/.60/.38)

MM(3) v. Coh,**
((-.01/.20/.43)

RL(2) v. Coh.

(.03/.94/.92)

R v. Coh.**
(;00/.54/.52)"
M v. Coh.**
(-.24/.36/.34)

MM(2) v. Coh.**

(.09/.47/.31)

RL v. Coh.
(.21/.57/.34)

MM v. Coh,**
(.33/.43/.29)

14: Effect Sizes for Language: (Spelling/Mechanics/Expression) from CAI vs. Cohort Design )
J

RL v. Coh

(.20/.49/.18)

MM v. Coh, **
(.20/.47/.16)

**These effect sizes estimate the combined effects of experimental internal invalidity and
CAI novelty.

9v




These agree generally with the effect sizes reported in Table 10 for

P

- the Language subteﬁts primarily in their being quite small.

D. Summary of tffects of CAI Replacing Traditional Instruction

The findings in Tables 12-14 may have been too incomplete (in a factorial
design sense) to detect trends in effect-size magnitude across grades or years’
of the stddy or duration of instruction and separate these possible trends from
interactions. Where trends could be explored, none emerged, e.g., in Mathe-
matics at grades 3 and 5 where duration of instruction trends might have shown

up. Hence, in the following summary of effect sizes, distinctions among years

of .thé ETS study, school grades and duration of instruction in years havé‘been

dropped. The figures in Table 15 have been slightly "enhanced" through averag-
ing (e;g., Grades 4 & 5 With Grades 1-3 in math) and rounding sp as to disspell

the impression of accuracy.




Table 15: Corrected Effect Sizes Estimated from the
CAI vs. Cohort Control Design

: _ Corrected
T - Subject Tested ' . Effect Size -

Mathematics ; .
Computations ' .45

Concepts ' .10
Applications .10

Reading ‘
Vocabulary v .15

Comprehension .15

~ Language :
Spelling ’ +.00

Mechanics ’ .25

Expression
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IV. NOTES ON ALTERNATIVE METHODS
OF IMPROVING ACHIEVEMENT

The fd]]owing alternatives to CAI as a meass df increasing pupil
achievement will be considered: (1) reduction in class siée, (2)
tutoring, (3) instructional television, (4) teacher training, (5)
ca1cu1ators.

The instructional method of choice will be that one which is most
cost-effective. 1In th; pages that follow, much is reported about the
~effec£fveness in ferms of pupil achievement of several alternatives to
| - CAI. Howevér; these few notes fall far short of\a defensible cost-
effectiveness analysis since no attempt was made to evaluate costs.
_whi1e'the‘f0110wing data on the effectiveness of various methods of
instruction may he1pap1ace the‘CAI effectiveness data in a slightly
more informative‘context, closure on the question must await a more
serious attempt at ggggfeffettiveneés analysis, (of the type, for
examp]e; that Jamison,(1§82)‘performed on class size reduction vs. CAI).

1. Reduction in Class Size.

School classes, which typica]]yvhumber about 25 pupils today in
the elementary grades, can be made smaller by hiring more teachers, by
putting aides (paraprofessionals) in the c]assrobm, or by using older
pupils to teach or tutor younger ones. Résearch has shown that inter-
ventions of any of these typeS results in improved pupil achievement,
and that no one of these interventions has been shown to be any more
effective than the otherSFZGlass, Cahen, Smith and Filby, 1982)..

‘In Figure 4 appears a graph of the relationship between sch&o]

class-size and pupiT achievement. The relationship was empirically deter-

mined by the findings of over 700 compariscns of achievement in classes
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of varying sizes from nearly 80 studies published since 1910. The actual

shape of the curve is based on a subset of 110 comparisons taken from 14

" studies that abp]ied good experimental principles in the design of the

compariéon of smaller and larger classes. ‘ =

The curve in Figure 4 is {nterpreted as follows: if a class of
size 25 is assumed to have average achievement (zw= 0), reduction of
class-size by 5 pupils Qi]] raise échievement by about .05 stahﬁard
deviation units, reduction to class-size 15 will increase achievement

<

by about .15 standard deviation units, and so on.

Several points must be noted about these findings because they
bear on the comparison of these data with the ETS-LA findings for CAI:
"a) no evidence was found that the basic relationship in Figure &
Qas different for different subjects taught (e.g., reading,
mafh), different grades (elementary vs. secondary) or for
"teachers" of different levels of experience. |
b) all of the data underlying Figure 4 were based on expefiments

in which small classes replaced rather than supplemented

large classes, i.e., the small class was taught for the
same amount of time as the large class, as opposed to a
design in which pupiis normally in large classes were
given additional instruction in small groups. Thus, the
“findings in Figure 4 for reduction in class-size are more
comparable to the ETS-LA cohort”comparféons than to the

Within-CAl comparisons.

Ayy
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¢) The duration (in hours and weeks) of the experiments that
¢ gave rise to the data underlying Figure 4- varied greatly,
from as little as 1 hour to as many as 900. Even though
no relationship was observed between the duration of the
3 s tudy and the strength of the rclationship between class-
size and achievement, I have tabulated the study durations
be]ow:
e Hrs Instruction No. of a's
- | 4 1 9
| 3 1
9 3
25 8
_ ¢
30 18
, o 40 1
/ T 54 2
" 60 1
100 - 5
120 g 19
180 L2
700 %6 - '
900 — 3 -
Just what is to be made of this failure to-discern a
| re]atfonship between the number 6f hours in small group
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instruction and the size of the benefit of small classes

is troubling, particularly for cost-benefit analysis.
Obviously, the no relationship finding can not Le extra-
polated to the limit or else one would be forced to conclude
that one minute of instruction in a one-on-one tutoriai

is the equivalent in benefit (.87 standard deviation units)

of a whole school year of tutorials. Clearly this can

not be so.




2. Tutoring.

"Tutoring" (i.e., one-on-one instruction) can be regarded as a special

case -- the limit -- of class-size reduction. Studies of its effectiveness

in relation to instruction in groups were covered in the previous section

on the effects of class-size reduction. If the class-size and achievement

curve in Figure 1 is to be telieved, a pupil who is tutored individually scores

.87 standard deyiation_units higher on an achievement test than he would if

taught in_a group with 24 other pupils.
Hartley (1977) investigated the benefits of tutoring in a meta-

analysis of the effects on mathematics achievement -of methods of individual-

izing instruction. She identified 68 effect size measures from about 25

studies of the effects of supplemental tutoring (i.e., in addition to large
group traditional classroom instruction). Only 5 effect size estimates were

available for replacement tutoring (i.e., tutoring in place of traditional large

group instruction). The average and the standard deviation of the effects were

Lo
/

as follows: |
|

| Effect Sizes for Tutoring

St. dev.

g
| of effect  No. of

Average
Type of TukoringA Effect Size = sizes Effect Sizes
* Supplemental .61 70 68
| .
.42 .26 5

Rep1acem%nt
The “Rep]acem&nt" findings should not be taken too seriously since they

. are baéed on soO few studies. The "Supplemental" average effect is not directly
4comparab1e to the tutoring estimate of .87 from the class-size analysis since

supplemental studies were excluded from the class-size study by the nature

of the question addressed there.
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13

Hartley reported the following data on the amount of tutoring given
pupif; in these studies: the average number of hours of instruction was 37.4
hrs. (with a standard deviation of 43.9 hrs.) -- hence, they were more hetero-
geneous in terms of hours of instruction than they were long! The average
length of the experiments in weeks was about one semester: 17.0 weeks
(standard deviation = 12.2 weeks).. Moreover, the correlation between the
duration of aép]ication of the experimental treatment and the effect size

‘was r = -.07.

Hartley also collected data on computer-assisted instruction in mathe-

matics. Where CAl supplemented regular 19rge-group instruction, the following

comparison of CAl and tutoring was observed:

Effect Sizes by Type of Supplement

. CAl Tutoring
Average Effect .47 .61
St. dev. of Effects .58 .70

No. of Effect Sizes 75 , 68

Here the superiority of Tutoring over- CAl is of the order of about .15
--standard deviation units. If one restricts attention to experiments in which

pupils were randomly assigned to experimental and control groups, the Tutoring

f’adVantagé widens and the typical CAl effect becomes much more like that ob-

served in the ETS-LA study:

Effect Sizes from Randomized
Designs by Type of Supplement

CAI Tutoring
Average Effect .31 .58
St. dev. of Effects .44 .74

No. of Effect Sizes 1 52




The above figures seem credible. _They show an effect of about .30

standard deviation units for supplemental CAI and about .60 for supp]ementél
tutoring. It should be pointed out that the average number of hours of
instruction in the CAIl studies summarized to obtain the .30 effect size
was 22.1 hrs. vs. 37.4 hrs. for the tutoring study. If the evidence of
Hartley's anélysis on the‘relétionship of duration of instruction and
benefits can be set aside momentarily and the assumption made‘that amount of
supplemental instruction should be linearly related to effect size, then the
.30 efféct of CAI could be inflated by the factor 37.4/22.1 = 1.69 to obtain a
CAl '‘effect for a period of instruction compérable in leﬁgtﬂ to that for tuior—
ing; CAI for 37.4 hrs. would equal 1.69 (.30) = .51 standard deviation unitsy
Now the comparison of CAI and Tutoring effect sizes iooks more like .51'&5;;
.58, a smaller difference. | ‘/

There were other re]ationships'in Hartley's data that argue that CAI
and Tutoriﬁg are even more similar in-their impact on achievement than they
first appeaf to be. The CAI effeﬁt is s]iéﬁtly negatively correlated with
gradg‘]evel and negaiivély correlated with pupil IQ. Tutoring effects are
léés'strong]y negatively correlated with grade level, and they are positively
Eorre?ated with pupil IQ. When the effect sizes for CAl and Tutoring are
covariance adjusted and estimated at grade 6 for low ability pupils, (Hartley,’
1977, o. 81) the effect sizes are

CAI = .431,

427,

Tutoring
Several different figures have been given above; they are repeated

here for clarification:
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Average Effect_Sizes

CAl Tutoring

1. PReplacement of .87 (from Glass et al., 1982)
traditional classroom .42 (from Hartley, 1977)
instruction. ;

2. Supplement of .47 .61

- traditional classroom

‘instruction.

3. Supplemental &
randomized design. A .31 .58

4. Same as #3 but .51 | .58
instructional time ’
equated. '

5. Same as #3 but with .43 .43

IQ and grade level
equated, (Low IQ,
Grade 6).

Precisely what is to be made of these different figures is hardly obvious.
The re91acement effect size for tutoring might be somewhere between .40 and .90!

For som: reason.l think a figure nearer .40 is more defensible than one near

.90. Therefore, the effect size for Tutoring as a replacement of traditional

large group instruction in math is +.50 standard deviation units.

The figures for the effect of tutoring used as an add-on supplement to
traditional large group classroom instruction agree more closely among them-
seives than the two replacement estimates did: the effect sizes ranged fron

.43 to .61. The average is a good summary: therefore, the effect size for

tutoring as a supplement to traditional large group instruction in math is +.50

standard deviation units.

Many estimates of CAl effects in math are of the order of .50 standard
deviation units. Considering line 5 of the above table and a lot of other

things, mxﬁguesé is that the benefits for math of equal amounts (in minutes)

of CAl and tutoring are nearly equal.

O

488
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3. Instructional Television.

Chu and Schramm (1967) revieweq 207 experiméhts comparing instructional
‘television (ITV) with traditional c]assrodm teachiqé; they could see no clear
trend in these studies indicating that pupils learned more with ITV than by
tradftiona] teaching methods.

Carnoy k1975)-attempted a cost-effectiveness analysis of ITV, but it
is difficult to infer from his report whether or not he believes ITV is more -
effective than traditional classroom instruction: The'HagerStown, Maryland
data reported in Chu and Schramm are cited and analysed by Carncy,* but his
attitude toward them is ambivalent. So is mine, but they indicétgd the following:

Hagérstown: Effeﬁts of ITV on Mathematics

Achievement (lowa Test of Basic Skills) for
Primary School Pupils (Data in G. E. Units)

Year Grade 3 Grade 4§ Grade 5 Grade %

1958 (Before ITV) 3.59 4.43 5.26 6.45
1959 (Yr 1 of 1TV) 4.06 4.97 5.77 6.83
1960 (Yr 2 of ITV) 4.18 500 613 7.7
1961 (Yr 3 of ITV)  4.30 5.08 619 7.26

For the calculation of effect-size measures from the above data we can
safely assume a standard deviation of 1.0 years for elementary school pupils

in math; this is the figure typically ébserved.

*Carnoy also reported 1TV effectiveness data from E] Salvador; information neaded
to translate the findings into standardized effect sizes was missing. I haven't

been able to use the data.
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The above data can be treated as a coliort design with Grade 3 in

1958 being essentially the same pupils as in Grade 4 in 1959 and so forth.

The 1958 (Before ITV) averages can serve as control group expectations. For

example, comparison of Grade 3-1959 against Grade 3-1958 is an evaluation of the

effect of one ye%r of ITV: (4.06 - 3.55)/1.0 = +,47 standard deviation ueigs.

Likewise, the co&parison of Grade 4 - 1959 with Grade .4 - 1958 gives anigsg?ﬁate
" of the benefits of a year's ITV: (4.97 - 4.43)/1.0 = +,53 standard deviatidn

units. There are'a total of six such one-year'effect sizes. Similarly, there

are four comparis&ns that assess the éffect size from two years study under

1TV, e.q., Grade 4 - 1960 vs. Grade 4.- 1958 equal to (5.01 -4.43)/1.0'= +.58

st. dev. units.

\ In the following table, the effect sizes reflecting the benefits of
ITV as a replacement of traditional classroom instruction are reported; the
reported figures are averages of the multiple experimental comparisons corres-

ponding to one, two and three years exposure to ITV.

No. of Years Average
' Under ITV. Effect Size: Math
| One +.53
\ ~ Two +.70
Three +.86

B

Carnoy estimated that these benefits were bought at a cost of $31 per
pupil per year.

4. Teacher Training.

Gage and Giaconia (1981) reviewed the findings of four experiments on the

effect: of teacher training on pupil achievement. They reported that specialized

459
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teacher training progfams (training in pedagogic methods dealing mainly with

management of 1ar§e-group instruction) produced achievement gains in experimental
groups that exceed control group gains by more thah .5 standard deviations.

I have been able to nbtain only two of the four reports: Gocd and Grouws (1979)
and Anderson, Evertson and Brophy (1979). |

My calculations-confirm an effect size of about +.5 on SRA mathematics

T~-.._ subtest in the Good and Grouws experiment favoring the pupils of the group of

S

~.

teéZEErs\whg<received spécia] training (two 90 min lectures and reading of a
45-page manuat}jﬁmT\ﬁéven't detected major flaws in this study. The difference
in pup{T performance (on the Metropolitan Reading Test) for specially trained
vs. control teachers in the Anderson, Evertson and Brophy study-is of the order
of +.90 standard deviations favoring the pupil of the Specia11y‘trained teachers.
This study was not ‘d@s well done as the Good and Grouws- study. Treatment and
control conditions were not mixed within schools; hence, tHe experimental desian
employed the equivalent of assigning schools (not teachers) to the two conditions

"compared. Nine schools and 27 teachers participated. No indication was given

of how schools were assigned to the experimental conditions; one doubts seriously

—

that the assignment was ggndOm -~ researchers seldom omit mention of random
assignment when they have been lucky enough to bring it off. The investigators
apparently hoped to compensate for the deficiencies of design by administering
" Ta pretest (ﬁetropo]itan Readiness Test) to pupils and correcting (via analysis
of covariance) the posttest reading average for any lack of pretest equivalence.

The pretest data showed the following:

¢

Mean St. dev. n
Exper. Group 68.98 - 6* 17
Control Group  65.74 7.55 10
*Rough estimate
>

197




These data show a-+.48 standard deviation difference on the pretest
between the exper1menta1 and contro] puo1ls, favoring the former. Analysis of
. covariance never comp]ete]y -corrects for such non-e qu1va‘ence (Cronbach e_ al.,
197713 p]us it “can. only correct for measured nonequ1va1ence and 1n th]S instance
we have reason to worry that sone 1mportant non- equ1va1ences between experimental

and control groups were not measured.

5. Electronic Calculators.

At least for math teaching (but perhabs for other subjects as well),
hand-he?d electronic calculators (EC) may- be cheabter and as effective as Chl.-
any experiments on the effectlveness of EC in math instruction have been per-
formed. - Roberts (1980) reviewed most of them and concluded that EC 1nstruct1on

is generclly beneficial as a{supplement or superior to traditional c]as;robm

instructionxnhen tested as a”replacementl More than 80% of the 1iterature‘is

remorted in dissertations not -otherwise available. I have been able to obtain

(S8
o
o

>
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reports of five EC experiments. :Their findings are summarized in the fo]iowing

table:

Results of Experiments on the

Effectiveness of Instruction by
Electronic Caleculator (vs.

Traditional Classroom Instruction)

Effect Size:

. Xen = X
' Hrs. v Design Type of _EC__ “con.
Study Instruction Grade Quality Test Sx _
Gaslin (1975) 50 . 9 . Good Curriculum
_ . o specific: L
. ‘ . ‘ : “Fractions" -.36
' ? "Frac."-
Retiontion .00
‘ ) . Transfer test .  +.08
| Hoh1feld (1974) 3 5 Good Curriculum
| , specific:
| : T multiplication. +.25
| Schnur & Lang 5 ’ 7 Probably  Standardized
(1976) Good test of
: computation. +,92
Schafer, Bell 2 - 5 ‘Probably — ETS math— A
& Crown (1975) good comp.. test
Creswell & Vaughn 40 9 ~ Curriculum
(1979) : specific:
: : decimals &
percents : 1. 34%

*tlectronic Calculator group a]]owed to use
calculators on the posttest!
The findings of these five studies are inconsistent. Effect sizes range
from -.36 to +1.34; they average +.35, but there is no good reason to average
them. There is no pattern of effects consistent enough to use as a. basis

for comparison with other interventions.
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6. Suhmary L
The_data on the effectiveness of the various methods of instruc-
‘tion discussed in this section may help to puf the CAI data in
perspective. Overall, several of the different intervention strategfes
appear to pro?ﬁce results superior to traditional classroom instruction.
/‘ . A final asses ment of the cost effectiveness of each strategy awaits

the further work of economists.
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"An Evaluation of the Costs of Compucer—Assistéd Instruction”

4

Abstract

The purpose of this paper is té esﬁimate the costs and cost-feasibility
of utilizing computér-assisted instruction (CAI) for compensatory education.
Cost data were collected from an experiment on the effectiveness of CAI that
had been established in Los Angeles and sponsored by the National Institute
of Educafion. Based upon the resource ingredients approach to measuring
costs, it was fognd that up to three daily ten minute sessions of drill and
practice could be provided for each disadv;ntaged child within the present |
allocation of funds from Title I of thé.Elementary and Secondary Educaqion
Act of 1965. If the computer system were shared betwéen two schools, the
higher costs‘would permit only two daily sessions.

Costs‘wer(.also estimated for a more advanced CAI system, and somewhat
surprisingiy fhe costs were in the same range. This finding reflects the
very heavy costs of "software" which do not seem to decline with more
advanced technologies. Also, it is pbssible that the latter technology
will be found to be more effective at the same cost level. However, since
cémparative effectiveness data between the CAI approach and ogker instrue~
tional strategies are not readily available, such cost-effectiveness compari-

sons will have to be deferred until some future date.
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AN EVALUATION OF THE COSTS OF COMPUTER-ASSISTED INSTRUCTION

INTRODUCTION

Various educational technologies such as educational radio, educa-
tional television, énd computer-assisted iﬁstnuctién have béen proposed
in:recent years as partial sdlutions to both the problems of fising”'
edQcational costs and the failure of the educational system to impart
basiévskills to disadvantaged youngsfergﬁﬁ'The logic of the cost-saving
aspects of educational technologies is conditioned heavily upon tﬁe
assumption that the high labor costs of education can be reduced.by
substituting relati;ely lower=-cost capitai inputs without sacrificing
éducational results. The view that certain educational technologies can
imp;ové'the quali;y of educational results for disadvantéged youngsters

Eis premised on the fact thatlsuch approaches as computer-assisted instruc-
tion can pe individualized to take account of the particular strengths
and deficiencies &f the learner.

These aSSumﬁkions about the comparative advantages of replacing some
portion of traditional classroom instruction with a more capital-intensive
educational technoloéy w&uld seem especiaily pertinent to the case of
computer-assisted instruction (CAI). Recent technologicalvbreakthroughs in
computers and particularly the advent of mini-compu;ers and inexpensive |
memory devices have both expanded the capability ;nd flexibility of com=-
puters Qith respect to their instrgctional applications while reducing
their costs considerably. Also, CAI permits a large ;a;iety of methods

for individualizing instruction according to the actual performance °

of the learner. For example, a computer-based curriculum can be designed

ERIC . U
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to provide automatically additional problems for a student in any area
in which he is not performing according to some pre-set standard, or it
can be arranged in particular sequences of instructional tasks that

[N

eﬁphasize his special instructional needs.

Déspite the promise of édgcational technology in improving educational
outcomes and reaucing'costs, there is little supporting evidence of a
rigorous nature on either'the relative costs or educational results.l
In response to this evaluative deficigncy, the N;tional Institute of
Education decided to undertake an experimental study of computer-assisfed
ir.struction in order to-ev;luate-its effects on the improvement of
reading, language skills, and arithmetic_operégions of eleméntary school
‘children. The experiment was initiated in the Fall.of 1976 on the basis

of a research design that was prepafed by the Educational*Testing Service L

(ETS) and implemented in the Los Angeles Unified School District (LAUSD); 

Known as the ETS/LAUSD Study on Computer-Assisted Instruction and Com-

pensatory Education, the study was intended to ascertain both'tﬁ;'effects

of a particular computer-based instructiocnal system and curriculum on

student test scores in three subject areas as well as the costs for

reﬁlicating this particular system. ‘
Wiih.respect to educational effectiveness, the research design was

constructed in order to ascertain the effects on test scores in reading,

arizhmetic, and Ianguagé arts of the "drill and practice" curriculum of

"the Computer Curriculum Corporation (CCC) among students at different

elementary grade levels. The'evaiuation was arranged to determine the

effects of 10 minute daily sessions of CAI on student achievement.

(Y




Comparisons of test results for disédvantaged students are being hade
according to the number of daily sessions of CAI, the subjects in which
CAl sessions were given, and thebnﬁmber of years in which students
received CAI. Hopefully, the studies of effectiveness will reveal the

+ educational impact of this particular CAI approach across subject, grade
levels, amounts of exposure, and different types of students (race, sex,

ethnicity,.social class origin, and so on).2

<

<0bviously; the eQaluation of the effectiveness of this CAI approach
does not address tﬁe issue of costs. Given its focus on the educational
needs of disaanntaged students, there are two questions pertaining to
costs that afise, The first question is based upon the assumption that
funding for spec1a1 educational services for disadvaﬁtaged students is
derived primarily from special categorical aid for that purpose, SuCh
as that received under Title I of the Elementary and Secondary Education
Act of 1965. Therefore, it is important to know if the CAI can be pro-
vided within the budget that is available for these compensatory educa-
tional servicesvfor disédvantaged youngsters. Second, it is important
to know if the CAI approach can improve the educétional praficiencies
of disadvantaged‘studenﬁs at costs that are similar or less than those
associated with other instructional alternatives.

The first iséue is one of cost-feasibility. If the costs of this
CAI approach exceed the funds available for instructional purposes for
disadvantaged youngsters, it will not be withinvthe boundaries of feasi-
bility. The second issuqﬁ£§~ggs_of cost-effectiveness. Even if the
CAI can be provided within the p;lseﬁzfg:;;;ts for compensatory educa-
tion, it should be adopted only if it provides better results relative

i

to its costs than existing alternatives.
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Cost-feasibility can be examined by evaluating the costs of the CAI
instruction and ascertaining whether it ;s within the budgetary allocations 1
provided for compensatory education bty Title I of the Elementary Secbndary
ﬁducation'Act of 1965 or Qy‘vérioqs‘state and local compensatory programs.
Cogt-effectivenesé comparisons can:only be made by comparing both the
results of the CAIVapproach and its costs with the resﬁlts an& costs of
other instructional alternatives. While this st;dy pa; establish its
costs, it is not designed to pursue its effects. However, the overall
CAIL experimgnt on which this study is based will provide rather sophis-
ticated estimates ;f test score results associated Qith student expgsure
to different amounts of CAI and different subjects. Accordingly,’the
costs that are estimated in this study:can be combined.witﬁ the experi-
mental effects of the CAI for cost-effectiveness comparisonﬁ with other
instructioﬁal aﬁproaéhes.

‘In this paper we will estimate the’replication costs of the CAI
approach-usedJ;n thé‘LAUSD/ETS éxperiment, that is ﬁﬁe cost of rep}icating
that system‘iﬁ other §c£ool-settings, In doing this webwi}l limit those
costs only to onés tﬁét are associated with the deli?éry of the CAI instruc-
tion,,while omitting costs thag?ar; tied uniquely to the experimental
status of the ﬁfesent system. That is, w; are concérned with the ;osts
of introducing this particularVéAI approach into other schools.outéide of
the'preseﬂt experimental situat;bn. At ghe same time, we are concerned
Q;£h~mﬁdifi;ations‘of the gxperimental CAI fhat might affect costs. 1In

— N i

-’ particular, fhere exists a/later version of the present computer that

f
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is more advanced. The cost implications of the newer computer will be
examined after cxploring the costs of replicating the present experi-
mental approach.

The organization of the paper will be as follows: First, o brief
description will be gngp of the present CAI system and its configuration
fn the LAUSD/ETS schools. Second,>a short preséﬁtation will be made of
the costing methodology that will be used in this study. Third, cost
%stimates for replicating the present CAI system will be made. Fourth,
;he cost feasibility of adopting this system of CAI for compensatory
“education will be evaluaked as well as the cost implications of a

more advanced system.

THE SYSTEM OF COMPUTER-ASSISTED INSTRUCTION

The purpose of this section is to p;ovide a bfief summary of the
implementgtion gf compu;er—assisted instruction in the ETS/LAUSD study.
This description is of special importance, because each CAIL approach and
installation is associated with different resource cosfs and effects.
The ETS/LAUSD experiment is based upon the yse of a particula} computer
system and curriculum that have been utilized in a specific way. There-
fore, it is important to provide some description of the system and its
application. It is equally important to bear in mind that the evaluation
"of this particular CAI approach with respect to costs Or educational

effects can not nNecessarily be generalized to other CAI approaches.

Rather, all of the results will be limited to the specific CAI

applicétion that is being evaluated.

9]
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. The heart of the ETS/LAUSD instructional approach is the use of the

&

A-16 computer for providing drill and practice instruction for the students.

a

Students are séated at terminals which consist of a keyboard (reaéonably‘
similar to that of a typewriter) and a cathode ray tube (or CRT which is

similar to a television screen). Each A-16 can be used to servicevup to .

32 terminals, simultaneously. The A-16 contains curricula-for all of the

_elementary_gfades for each of the three subject areas: mathematics, reading, .

and language arts. Each session lasts féf ten minutes,‘alghough some Stu-
dents may be assigﬁed to undertake more than oné sessidn‘per day.

Each student "signs-on' at his/her terminal,'and begins the session .
" where hé or she.had left-off in the preViops session. A problém fg displayed-
on the CRT, typically in a multiple-choice or in a "£111 in the‘blank" for-
mat. For exaﬁple, the student :might be given a problem in arithmetic operé—
tions such as vertical addifion or subtraction, and he or she must type in -
the solution. Or, the studen£ might be asked to fill in tﬁe correct form
of a verb in a senténce. If the answer.is éorrect, an asterix is diéplayed
on the CRT;iif it is incorrect, the student is so-iﬁformed. In either cas%,
ayneﬁ problem is displayed. When a égudent éqhievesoadequate proficiencies
on a particular part of the curriéuluﬁ -- as évidenced by a high enough. .
proportion of correct answers‘—- the system prévides problems at a higher
level of difficuily of that type. The curriculum is not designéd
to introducé new material as much as it is to provide an oppqrtunity.to
‘ﬁractice concepts that havelglready been taugﬂg.

There are two principal personnel who assist the studenés in working
with the CAI system. A coordinator is requnsible for the entire operation
in a particula£ school including ;he‘scheduling of students; ‘the provision |
of summaries of progress for each class to the classroom.

U6
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teachers (available from a printer that is attached to theA-16); the

' R ; ;
security and condition of the equipment (such as insuring that the equip-
ment is working properly,and calling maintenance personnel when necessary);

and the overall supervision of the students in working at the terminals.

2 -

The cdord}natqr is assisted by a teaéhing.aide who mqnitors the-students
and ansyer; their questions or assists theﬁ when tﬁey seem to be having
‘difficulties. . - ' .
) TﬁéjLAUSD/ETS experiment}was'baséd upoﬁ using four experimentai
§chools and two coﬁparison 6nqs thé£ would not receive the CAI. Two
-;ofbthe four experimental schools wére large enough that they could
- unilize anA:16 with a full complemeng ;f 32 terminals. The other two
schools Had smaller studént populatians,:so they shafed anA-16 through
the use of telephone linés and specialtequipment (multiplexer-and modems) .
Each of theée schoqls had 16 terminals installed, so that the shared
.wﬂA-16 waézléénéttached to a total of 32 terminals. The CAI rooms had to be
ﬁb&ified'to accomodate fhe épegial configurationof equibﬁent as well as
to éésure'security and an appropriate climate of temperature and humidity
forrmaintaining the ¢omputer.ﬁ |

COSTING METHODOLOGY

The cconcept of'costs fypically tends to be confusing ;o evaluators.
Often, the teédency is to review budgets to'estimate,fhe cbsts of a
pgrtigular préject. But the costs that one finds in a budget or accounting
statement Are.often in error orvare'misleading fo; a number of reasons:

First, budgets typically show estimated costs rather than actual ones.

To the degree that there are discrepancies between the real costs and
the estimated ones, budgetary costs will not be accurate. Second, budgetary

costs often provide costs of resources that will be used over different

o

\
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time periods. For example, while salaries in'a giVen yearfwillféover ;he'
labor serviées during that period; a plece of equipment may be utilized
for many years. Yet, the cost will be assigﬁéd only to the year in
which the equipment was purchased, when it should be divided over the
entife period of use on an annualized basis. Third, costs of contributed
inputs are not included in'budgets, confusing the question of wha; are
the true costs of a project with the question of Qho paid he costs.
Finally, some budgetary costs are distorted because théy représent special
, purchases.or transactions which do not reflect the true market values
of the transactioné. |
A more approéria;e method }or estim;ting éosts is}tq use the ingre~
dients method.3 This method is based upon the assumption tbat'wheneveri
resources that have'aitérnative uses are allocated to a particular
éctivity, those resources have a cost to society. The cost is equivalent
to the yalue of the resources in their most pfoductive application.
The most typical way of esﬁiméting thésr;costs is to use the market valué,
of'the resource. Fu;ther, in order to obtain annual or costs 3
‘qghégﬂalternative, the costs of various ingredients that are utilized
over more than.one yéégn;re "annualized'" in order to charge to eéch year
only the,costs.for that period (rather than assigning thé entire cost
_— to the year of ﬁurchase). Since there are sources that can be used-to —
| evaluate the téchniqﬁes of cost analysis within thisuframeyork, we will
'ﬁot discuss tﬁém:inkdetail here;a h

The following steps are necessary for estimating costs, using the

ingredients approach.

<y
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1. List, all of the ingredients or resources that are \
required for implementating the instruction.
2. Estimate the costs of each ingredient on the bas1s -of
actualjcosts or estimated market values.
3. Converé costs into the appropriate categories for analysis
' such a% annualized costs, average costs, marginal costs,
and so?on.'

| :
In this particular case we wish to estimate the costs for replicating

.

the ETS/LAUSD system of CAI in other educational settings, and we wish to
evaluate costs under different organizational arrangements.

CAL Ingredients and Their Costs

Before enumerating the various ingredients of the CAI system and- their
costs, it is useful to mention the bases on which ingredients might be
classified as well as ‘the sources of the cost information. The classifica-=

tion of ingredients can be done in any way that is functional to the questions

~that uill be raised. For eiample, one could classify ingredients under

w

personnel, facilities, equipment, and miscellaneous categories. Or one
could sét out categories of ingredients that represent fixed investments

as well as those that represent recurrent cost items. The main criteria

are that all ingredients are accounted for in the classification approach
and thft the ultimate categories are useful for analytical purposes.

The derivation of cost information for the various ingredients will be:
done in a number of ways. Where budgetary and accounting information are
appropriate, they will be used. Where such cost data are inappropriate
or misleading, other methods of obtaining costs will be utilized. In all

cases, the sources of the cost information will be specified as we11 as

the methods of cost estimation. In this way, the reader can ascertain how
\
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the costs were .derived, and it is also possible to modify the assumptions
on cost estimation to determine the sensitivity of costs to different premises.

COST ESTIMATES

For purposes of cost estimation, the ingredients of the CAI approach
will be divided into six categories: (1) Facilities and Equfpment; (2)

Training; (3) Personnel; (4) Curriculum Rental; (5) Mainten&nce; and (6)

" Miscellaneous Factors. Each of these will be evaluated, in turn, and they

will be combirfed in an#iyzing the overall costs of CAI.

(1) Facilities and Equipment

Any 6AI approach has the obvious requirement of the equipment needed
as well as the facilities needed to proyide CAI instruction. In the case
of the Los Angeles experiment, the equipment for a school using a singie
A-16 computer, 32.£erm1na1s,'aﬁd a prihter is estimated at aﬁout $121,000.
The separate breakdowns for each type of equipment aré shown in Table 1.
That tablé also presents the estimates of facility costs. -These include

the co t ¢f construction of a normal instructional classroom as well ‘as

the renovations that must be made to accomodate the CAI.5 Renovation costs

include special carpentry work, protective devices, electrical work unique

to the CAI installation, and air conditioning. The facilities costs are

~estimated to be about $68,500, and the total value of the equipment and

facilities is assessed at~almost $190,000 per school.

However, we are not concerned with the total costs of these ingredients
i \

_as much as we are with their annualized costs. That is, a classroom is

assumed to have a life of 25 years, so that only about 1/25 of the cost
should be allocated to a %articular annual period.6 The renovations are
assumed to have a life span of ten years, and the equipment is estimated

N

.
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' ' TABLE 1 -~ Facilities and Eqﬁipment

| Facilities: . ' >
Cost of Construction of a CAI Rooml » $ 50,000
Renovation Cost2 " ' 18,500
$ 68,500
: 3
Equipment:
One A-16 Computer System . ] $ 68,120
Installation E ' ’ 3,000
32 Hazeltine Modular I terminals @ $1440/e. 46,080
Delivery @ $63/ea . © 2,016
One Hazeltine Thermal Printer . . 1,950
Delivery ‘ 23
$ 121,189
TOTAL . § 189,689
1. It was reported from thé Educational Housing Branch in Los Angeles
that to replace a room in which the CAI experiments are now housed
in the present construction market will cost approximately $50,000

per room.
1

2. The renovation costs include counters, intrusion alarm, carpentry,
paint, electrical, window grilling, air-conditioning and the labor
. i;yolved. ‘ ‘ '

3.’,These costs are derived directly from the CCC contract.

011
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f°,h§29,a 1ife>§paﬁ sgwsix years? .In each case we must use _a stan@ard
approach to conveft the overall costs into annualized ones, wheré the
annualized cost represents the depreciation and interest costs foregone
on rhe investment for each year. Clearly, the annualized cost will depend
on three factors: (a) the éveralllinvésfment cost; (b) the life of .the
facilities or equipment or the amortization period; and (c) the rate of
interest on the investment that is foregone.8

Table 2 shows the annualizgd values of*facilities aﬁd equipment costs
wigh the spécific assumptions about  the amortization period:and three

different interest rates. Given a rate of interest on U.S.‘treasury bonds

I

" of about 10 percent at the present time, this seems to be a reason-

able figure for calculating foregone interest on the investment. On . .

that basis, the annualized cost of facilities is about $8524 and that of

equipment is about $27,873. Thus, the estimated cost of facilities and -

& 1

i

equipment is about $36,397 per year.

!

.(Z)NT;aining Costs'

~ !
Training costs are composed of two types, the direct costs of training

|

.- ! I -
and the indirect costs. The direct costs are the most ob@ious ones, con-

|

sisting of the salaries of instructors, costs of materials, and so on. The
indirect costs refer to the value of the time of the trainees. In the case
of the LAUSD project, the direct costs of training were included in the costs

of equipment by CCC. However, the indirect ones had to be borne separately.

- According to the experience of CCC personnel, it is usually sufficient to .

provide workshops of a day and one<half for coordinators and half a day for

teachers. The cost for each teacher and coordinator will vary according

to experienge.and training and the salary levels in the particular school

_ ; : ,
district. ﬁowever, in Los Angeles it appears that salaries and fringe
benefits average about $20,000 for a school year that is not more than 200

I R g
| , olp
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TABLE 2 -- Annualization of Facilities and Eguipment Costs

Amortization ' lAnnualized Cost

Cost Categories:  Period (yrs) Cost oz . 10% 15%
Facility -

g Construction of a CAI room 25 $ 50,000 § 2,000 $ 5,508 $ 7,750
Renovation | 10 18,500 1,850 3,016 ‘3,6&6
Facility Subtotal $ 68,500 $ 3,850 § 8,524  $11,432

. . ' l -
Equipment
Equipment Subtotal 6 $121,189 $20,198 627,873 $31,994

TOTAL : $24,048 $36,397 $43,426

1. Refer to Table 1 for the details. The amortization beriods for all computer
related equipment are assumed;to be 6 years.

TABLE 3 -- Annual Personnel Costs

~.
\\\\‘
Adﬁtnistration $ 1,965
CAL Coordinator 22,500
e .
Fringe Benefits on "ahbove '
@ 16.7% e 4,086
Two teaching aides g N\\\\ 5,220
Substitutes ' o 780
TOTAL - | $ 34,551
513




-14=

N |

déys. This suggests that a pay rate of about $100 a day is an appropriate
basis for calculating costs of the time required by teachers and coordina-

tors to obtain training. Given about 40 teachers to an elementary school,

‘_the‘indiﬁect costs of teacher training are about $2000 for a half-day work-

kﬁghop and about $150 for a 1.5 day workshop for the coordinator. Thus, the

4

total estimated indirect costs of training are about $2150.
One question that arises is how this figure translates into an annualized

cost.\ It is unlikely that training costs of this magnitude would be required

. . ‘
for egch year, since the carryover af trained teachers ‘and coordinators

from Ear-to-year would be rather high. Yet, any turnover of teachers will

requ féﬁsome training to take place each year, even if it is mereiy the .

. coordinator taking the teacher away from his or her classroom duties for

half a day\for instruction. For example, with a turnover .rate of ten per4

5

. cent a year, about four new teachers would have to be trained each year

ét\g cost of abbut'$200. In fact, after the first year this would be the

.only§bost 6f training as well as the interest foregone on investments for

trainihg\in;previous‘years.' If we use those two components to estimate
- . \\ . ) i
costs, the total indirect training costs would be ten percent of the pre-

vious investment in training pef‘year plus thé\costs of training new teachers.

’

On the average, ten percent of the training investment over a six year

3

period would be about $250 and the indirect cost of training four new

’

teachers a'year would be about $200 for a total of $450 a year. Whatever

< .

the asSumpfiohs are about the costs of this component, the overall cost

implications are so small that they will have little impact on the total

cost calculatioﬂé\
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(3) Personnel \ j -

Personnel ingrédienfs\for the CAI demonstration inclﬁde administrativé
resources, the CAI coofdinator, two teaching aides, and substitutes to
cover the absences of the coordinator. These are shown in Table 3.i The
functioq of the administrative personnel is to negotiate the contracts with
the COmpanies'that maintain the equipment, to arrange payments, and to pro-

vide general financial and logistical administration of the prbject. The.

annual personne% costs for this funétion were estimated at $1965 on the
basis of previo;s experienceof thé Lbs Angeles schools with these types of projects.

The CAI coordinator is responsible for the overall functioping of the
CAI instruction including the scheduling and coordination of the instruction,
repérts to teachers on student progress, and the monitoring of the functioning
of the equipment énd }xs maintenance. Especially important is the létter
function, since equipment failureé will result in the loss of inst;ﬁctional
sessions. Accordingly, the coordinator‘must be aware of problems and the
methods of getting them alleviated by the appropriaté maintenance personnel.
Further, the coordinator must work closely with classroom teachers to inte-
grate the drill and praétice sessions of CAI with classroom work.

In the LAUSD case, the coordinators were so carefully chosen and so
well-trained that they needed little administrative supervision from the
school principal or other school administraﬁive personnel. Whether this
high level of initiativé‘and independence could be maintained in a replica-

tion is problematic. However, based upon the sucdess of coordinator autonomy

’

~in LAUSD, we have not indicated any supervision in the cost estimates. The

cost of the qoordinatoré can be determined directly by calculating salaries

and fringe benefits. The salary component was estimated at $22,500 and ;he

91
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. using the three sets of subject curricula in mathematics, reading, and

fringe benefits for that portion of the administrative costs and the

coordinato; were $4086. Fringe benefits do not apply to the other personnel
cacegories'because of their part-time nature.
Teaching aides monitor the performance of students and assist them in

understanding.thg CAI problems and in solving them. Essentially, they
wander‘among the students, looking for situations_in whichraséist;;;;‘of__
éupervision is needed. Their rate of pay i;-1977-78 was $4.35 an hour,
and it takes two teaching aides working about 600 hours each schoo; year
to assist in a CAI room with.32 terminals. This:barticulgr arrangemenf‘
has been consideréd highly satisf;ctory by the Los Angeles coordinators.
The total cost per CAI room of the two aides is about 55220 a’year.

The final personnel cost is related to the need for substitutei
teachers to undertake thé coordination functions if the regular coordinator
is ill. Under the Los Angeles arrangements, a teacher or coordinator can
receive up to 12 days a yeaf in paid‘siék le;ve. Therefore, provision for
up to 12 days of suEstitute teaching at about $65 a day would cost about
$780 per year. Based on these amounts, the.persdnnel costs per year

(for 1977-78) totaled about $34,551.

(4) Curriculum Rental

The curricula that are used for the CAI approach are rented from CCC,
the company that provided the A-16system. The rental covers the cost of
language arts. The cost of the rental is set at $204 a year for each of the

32 terminals in a CAI room for an annual total of;$6528.

’
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(5) Maintenance .
The provision for maintenance of the equipment is érranged through

(f_\ - K
contracts with firms that specialize in such care. While some of the

maintenance is routine and periodic, a major requirement is services

.

of an emergency nature to repair malfunctioms. The annual cost eof main~ ’

taining thevA-16computer is $6120 a year; each of the 32 terminals has
a maintenance cost of $300 a year, or $9600 for all terminals in a CAI '
room; and the thermal printer has a main;énance cost 6f $360 a year.
The total cost of maintenance is about $16,080 a.yéar.

(6) Miscellaneous Factors

7

Miscellaneous cost factors include insurance, supplies, and the
of energy and routine maintenance of the classroom. The appropriate in~
surance costs are thdse that are incurred by virtue of the existence of
.the CAI approach., These wéuld inplude the additional insurance costs for
theft, fire, and 1%ability attributible to the CAI facility and equipment.

Of these components, it appears that liability insurance is largely unaffected,

" and the *impact on firé insurance costs is not readily ascertainable. How-
ever, the additional theft insuraﬁce for the equipment was estimated by
the Los Angeles school autﬁorities at abquf $3,000 a year for the computer,
32 terminals, and the printer. The use of only the theft component may
understate slightly the true insurance costs, by omitting the fire com-
ponent. Howgver, the overall omission is likely to have a relatively small
effect on total costs, since insufance represents a very small relative

*

cost item.

Supplies, enengy, and routine maintenance of the classroom contain many

items. Supplies include the typical pencils, paper, books, paper for the




printer, and so on. Enprg} arid telephone costs and facility maintenace refer

\

h clasT;oom that is necessary for rapid access to

to the telaphone in'e

maintenance personnel and CCC-rin case of breakdowns; normal heating,

i e
]

lighting, and po fr for the equipment; And rout}ne cleaning and maintenance

of the classfoom.\lhken together, these are estimated at about $3,000 per

a

{ year. Again, even'ﬁfbstantial changes in this amount (fbr example 50%)
\wauld have little effgct on overall costs per student session because of the
\\ . \\ . .
kelatively small ma "fﬁfof costs for the category. (Each classroom

.%s capable of providing a daily session on an annual basis for over 700

| , : . . N
students so an error of $£500 is only about $2.00 per session.)

Sdmmary of Annualized Cosgg
The annualized costs in 1977-78 for a 32 terminal classroom ulilizing

thé cce A-16system can be Tummarized in the foilowing tabulation.

H
Facilities and Equ%%ment $ 36,397
{
/ .
y Personnel / | 34,551
f/g‘ Training / : L 450
/7/\ . Curriculum Rentsl 6,528
jy/ f\\Maintenance ; 16,080
. ; . i \
: ! i
Miscellaneous | , 6}@00
Total ‘ . $100,006

H O
; \

Rounding off tﬁis estﬁmate; it appears that it costs about $100,000 a year

1

to provide a classfoom; personnel, equipment, and so on for servicing 32

terminals with this pa;ticular approach to CAI.

S
b
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Average Cost Per Session

" Given this total, it is important to know the cost per session on
an annual basis for each student. &hat‘is, what is the cost for providing
one daily session of ten minutes of \drill and practice for a full school

]
year toeach student? The reason thét'this particular cost figure

.

is important is that it would enable us to ascertain® the cost-feasibility
of this approacﬁ to CAI as a method of providing compensatory education to
disadvantaged youngsters, by éompariné“theramount per session with the
average amount of compensatorylfunds ﬁroviaed by the federal gover;ment

_ under Title I éf the Eleménta%y and Seégndary Education Act of 1965.

i

Clearly, the cost per se%sion depends on the number of daily sessions
|
that can be provided by the CAI system on an annual basis. This depends

not only on the leﬁgth of the §ession, but also on the grganizational
capacity and time required to process each group of student users. That is,
there must be time between the end of cne ten minute seSsion and the
begi;ning of the next for one group of students to sign off the system and
return to class, while a new group arrives, is seated, and signs in.
Finally, the number of sessionskwill algg\depend upon the overall reliabiiity
of the equipment and 1its operability duriné\ééhool hours.

In theory, th; system could be used for up to six and one half hours

a day during regular school hours, if sessions began at 8:30 and proceeded

to 3:00 P.M. with no‘interruptions for lunch. In fact, this would be diffi-

il
o -

cult to do organizationally, since time is needed at the beginning and/or

v
end of the day to accomplish record-keeping and other instructional tasks

assbciated with CAI. Further, it would be difficult to coordinate classes

around the lunch period, and a "relief" coordinator would be needed during




that period. 'With respect to the number of sessions per hour, even five

sessions of ten minutes each provide only about twominyte transition
periods.- Accordingly, there aré,clear limits on the numbers of sessions
that can bg—accomodated. Based upon'the actual records for the LAUSD

system, it appeared that the range varied. from 21 sessioné to 25 sessions

- per day, with a median of about 23 sessions. On the basis of these experi-
ences, we can estimate the cost per daily session per student for a school

year,

Number of Sessions - Annual Cost Per
Per Day Daily Session

Per Terminal For 32 Terminals

21 672 , $  148.80

23 736 135.90
225 800 125.00

Depending on the number of sessions per day for each terminal, a con-

figuration using the A—l64and 32 terminals in a single classroom can accomo-

date from 672 to 800 sessions a day. Assuming that the most probable

estimate is the median of 23 sessions a day per terminal, 736 sessions can be

pfovided.' By dividiﬁg the number of sessions by the $100,000 estimated
annual total cosf for this CAI cdnfiguration, it appears that the annual
costévfor a daiI§ session of ten minutes could vary from about $125 to
almost $150 per year for one daiiy:session of CAI. The estimate for 23

séssions a day at $l36 is probably the most reasonable one.

N <

Cost Estimate for the Shared System
Before comparing that cost with the leQel of funding available for
compensatory eéucation, it is important to estimate tﬁe annual cost per
daily session when two schools share an A~16 system. Clearly, this situa-
tion presents itself when there is not an adequate student enrollment base

in akparticular school to accomodate some 700 or so daily sessions. It

e v ;52{) ; Y
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could also be evident in situations where only a particular grade level or
levels utilized the CAI. Of course, by pfoviding multiple'daily sessions, (e.g.
two sessions a day), an A-16 could be utilized to full capacity by even 350 ~

400‘§tudenés. However in the Los Angeles situétion, the design of the CAI

- a

experiment meant that in two participating schools there were not adequate
students assigned to CAI to fully utilize a 32 terminal system in each school.
This situation provides us with the opportunity to ascertain the costs of a

shared CAI computer. s

The basic configuration for the shared system was that the A-16 com-
phtér aqd 16 terminals were piaced in one school, and the other 16 terminals
were placed in a "sister" school. The terminals were connécted to the first
schoo} through a leased telephone line, and additional equipment was required
in order to operate the sharing arrangement.Table 4 shows theadditionaljcosts
incurred for a shared A-16 system. With‘the sharea arr;ngement,,two class-
rooms ﬁust be utiiiéed for the terminals rather than one classroom. Bésed
upon the éosts for.a classroomland reduired renovations ﬁhat were presented
in Table 2 énd_replicated in Table 4, the total cost of additional facilities
‘for the shared arrangement woﬁld be $68,500 which woﬁld be about $8,524 on
.an annualized basis.,

YThe ;dditional équipment (two modems and two multiplexers) and their
instailationvhave a cést of alﬁost $12,500 which translates into an annualized
cbst of about $2,866. Taken together the additional outlay for the shared
facilities and equipment is almost $81,000 which translates into an annualized
cost (usiﬁg a 16 percent intere;t rate onzghe(undepreciated portion) of
$ll;390. With respect to peréonnel fb; the shared arrangement, we assume
that-the administrative costs for making financial arrangements and ménitorihg

contracts is roughly eqﬁivalent to the single school approach. However, an

we
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. ’ . \
' ' TABLE 4 -- Additional Costs Incurred for .Shared A-16 System ' :

‘ e -Amortization - : - -Annualized Cost-
Cost Categories: Period (yrs) Cost 10%
Facility

Construction of a CAI room 25 $ 50,000 $ 5,508
Renovation ; 10 18,500 3,016
SUBTOTAL $ 68,500 $ 8,524
Equipment )
Two Modems : - 6 $ 4,710 $
Two Multiplexers . 6 7,550
Installation 6 200
o 12,460 2,866
TOTAL . $ 80,960 $ 11,390
Personnel
One Coordinator 22,500
Fringe Benefits on above @16.7% . ' 3,758
Substitutes 4 390
SUBTOTAL : § 26,648
Maintenance
Printer . a $ 360
Misaelianeous . $ 3,000
GRAND TOTAL Ny 'S 80,960 $ 41,398 - o

_—
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additional coordinator is needed for the classroom in the shared configura—'>

tion, and additional proVision for substitutes is'necessary. These are

estimated to cost about $26,648 per year. The trainiﬂé cost for the addi-

tional coordinator is so small that it is inconsequential (5;0;; $150 “for
the day and one ha1f of salary) and will not be included fh thé total.
Additional costs of maintenance seem to affect ALIy the additional
printer at $360 a year and the m&&ems and multiplexers are ha}ntained on
the basic CCC contract, s; their costs can not be easily brok;ﬂ out.
Miscellaneous costs include the telepho;é line between schools, routine
ﬁaintenante of the facilities, lighting, heating, electric power, an&
supplies.- These are’estimated at aboug $3000 per year, ans insurance costs
are hdt affected by distributing the terminals between the two schools.
When these additional costs of the shared arrangements are totaled,
asout $41,400 is added to the total cost in comparison tith the single élass-
room, 32 terminal, A-16 approach. Again, assuming 23 daily sessions per
teﬁninal and a total cost of about $141,000 per year for the share;l systém,
the annual cosé per daily session of CAI imnstruction is aﬁoﬁt $192. 1In
other words, the shared system increases the cost per session by about 40

percent or $56. .

COST FEASIBILITY

Are these costs high or low?~ Clearly that depends ongwhat the costs are
: .
buying in terms of educational services and effectiveness in relation to what

spending those funds on alternatives might produce. Such cost effectiveness
comparisons are absolutely essential in using cost information to ascertain

whether a particular educational technology or other instructional approach

is a good investment. However, we lack both the cost of other alternatives

*

- 523 o .




-24~

and cffectiveness data on CAI versus other alternatives for this paper. Some

of those data will be forthcoming at the CQmpletiQ“mgf“Fh?HCAI,CXPQFime“Fv3Pdd B

can be drawn upon for cost-effectiveness comparisons at ‘that time.

The purpose of cost feasibility analysis is much.more modest. It simply

[

-agks if the costs of the instructional approach can be accomodated within

the limits of the budget a351gned for such purposes. In oqder to answer

tnat question, we will wish to compare the costs of CAIwié[ the level of

. éz . . e
funding provided for compensatory education by Title E/of/; e Elementary and

Secondary Education Act of 1965. Thatvis, presumably the CAI system that is
: ‘ _ I [ . S
being evaluated is addressed primarily to drill and praqtice for remediation,
| Lo '

Accordingly, this would seem to be the'mostirelevant frameﬁork for a cost =~

feasibility analysis. 1 L
In fiscal year 1977, Title I hadappropriations of about $2 billion for

about 5 million youngsters. ‘This mean that on the'average about $400 was pro- :

vided for each of the students coveredvby the program. Clearly, not all of
this was:alloca;ed to classroomxinstruction. Some was expended on admini-~

stration; health and !diagnostic services, nutrition, and so on. _However, -
. o
we will assume that about $400 per pupil represents an.upper limit for !
i / !
compensatory education in the classroom. Using this as a basis for cosc,f

i

feasibillty, $400 would cover about three daily sessions of CAI at $136

per session with 32 terminals to a classroom or two sessions at $192 under -

the shared arrangement. This means that all three curricula could be pro-
vided under the lomer cost configuration or two could be proVided under

the higher‘cost one. It also means that two curricula, for example reading
and mathematics, could be provided under the léwer cost option, while allowing

the remaining $128 per student to be used for ?ther purposes. On this basis,
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one would conc1ude that the CAI appraoch that has been'enaluated meets a

genera1 cos t feasibility test. That is, it -is feasible to\consider this
N - . . PREECEEE ‘ - e e m maae e -

approach within qhe constraints of existin provisions for compensatory
1 : . :

. Vo ' ‘
education. \{ ‘ ;’

' )
|
L‘, .

COSTS OF A MORE ADVANCED SYSTEM ‘
One of the major questions that arises in evaluating the costs of a
. I

changing - technology is the direction and magnitude of future costs based
upon more advanced approaches. This is particu1ar1y 1mportant in any
strategy based upon computers, since thegtechnologx of mini-computers and
memory devices has been developing at a rapid pace with drastic reductions’
in the cost of any.given capability. Clearly, the ﬁonger run situation
would Suggestgthat at least the cost of equipment wiith a given performance
would |decline, and it is important to ascertain the meact of these potential’
.equipm¥nt cost declines on theiovera11'costs of CAI instruction.

However, before examining some evidence on this question, it is important
to point out a phenomenon which is typica11y overlooked in predicting cost
changes of techno ogical_innovation; The annualized costs'of‘all the com-
puter equipment including the terminals represented only about 28 percent
of total annua1izbd'costs,as evidenced by comparing the costs of $27,873 in
Table 2"with the ota} costs’ of $100,000forza32 terminal classroom. This
means that even a :ather'drastic reduction in the 28 percent of the cost
acc0unted.for b;uequipment will amount to a much smaller reduction in the

AN
total cogz// For. examp1e, if the cost of equipment declined by one third,
‘total costs would declinebyless than ten percent At the same time, the
costs of personne1 maintenance, construction and other personnel’ intensive

/
categories are/rising rapi 1y, at 1east offsetting partially the potential
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deélinés‘in the éost of computer hardware. Acco@dingly, it is important
 ;.‘;ecng?zg>th§t ;hg;g.w%ll be inherent limitsfgo cost reduction for CAIL,
even wifh rapid technological improvements in h%rdware. ;
AIn the parficular case of fhe A;l6 system,;we were fortunate in that
///CGC had developed a more advanced CAI approach éuring the implementation
' phasg of the LAUSD_experiﬁént. The more advanqéd computer is the CCC-17.
which can drive some 96 tefminals rather than éﬁe 3i terminals to which the
- A-16 is liﬁitéd. CCC also claims that the 17 is more flexiﬁle and productive
thanbthe A-16'for a number of reasons. First,fit uses special terminals
provided by ECC which permitAmqre fiexible design and format of, curricula

|
N . : i
as well as a wider variety of interactive, fegdback responses between the

pupil and the computér. Second, éhe central ﬁrocgssing nit has greater
caéacity for storing additioﬁal curricula and can process\curricula of a
wide; variety than the A-i6. For these feasgns the CCC-17! may also be more
effective for each session that thé A-16, athoﬁgh that is ultimately an
empirical issué rather than a‘theoretical oq;. CCC has proviaed the CCC-17
for one classroom for the finalvyear of the/ LAUSD/ETS experiment, so some
empirical data should be forthcoming on th;b issue. - \ |
However, the purpose of this investigétion is tovasclrtain the cost
per session of the newér technology. Sinqérthe CCC-17 rep‘esgnts a lar-
ger system capable of supporting 96 termiéals, we will.estiéﬁte the costs
of’ﬁsing a single CCC-17 for providing C@i to tﬁree classrooﬁ§ of 32 ter-
minals.. This will enable us to ultimateiy compare the costs éf the CCC-17
for 96 terminais with that of the A-16 qh a 32 terminal classroom basis.

Table 5 shows the estimated total and annualized costs of both the

facilities and equipment for the CCC-17 configuration. The cog% of the

/
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TABLE 5 -- Annualized Cost ‘for Three (3) Schools
. Sharing the CCC-17 System

. Amortization - Annualized Cost
Cost Categories: Period (Yrs) Cost 0% 10% 157
Facilitfes_
Construction of CAI Room 25 $ 150,000 $ 6,000 $ 16,500 $§ 23,250
Renovations ' 10 55,000 5,550 9,047 11,045
SUBTOTAL $ 205,500 $ 11,550 $ 25,547 $ 34,295
. f A |
Equipment .
Computer-Related Equipment
(includes terminals) 6 $ 314,814
Installation 6 . 13,800
SUBTOTAL - . §$328,614  § 54,769 $ 75,581 $ 86,754
i
TOTAL FACILITIES AND EQUIPMENT $534,114  § 66,319 $101,128 $121,049

an
oo
-~

£
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facilities component is identical to that shown in Table 2 except that it

> °

~ is based upon three>elassrooms rather than one classroom. (Of course we
will evaluate the eosts'per eession based upon the latger nunne;‘of,ter-
minals serviced by the CCC-17 to make the cost estimates compafable on a

‘.student session basis.) . The equipment costs include the CCC-~17 system, -
96 terminals, a cluster controller for every 32 terminals which provides
power to the terminals and routes information between the conputer ann
terminals, a printer for each school, modems for remote scnools, and
tablee for‘each CATI room. . All of the cost figures are taken from pub-

lished documents furnished by the marketing office of CCC (dated April

17, 1978). Total facilities and equipment costs are $534,llé/9r_about

o

$101,128 in annualized costs uhen thetinterest rate on the undepreciated
investment is ten percent.

Personnel costs and the indirect costs of training were calculated
in the same manner for the CCC-17 configuration as forvthe A-16, except
that they are shown for three classrooms. These ann other costs are’
reflected in Table 6. Curriculum rental wasvestimateq by CCC at 3205857

| and maintenance at $42,072. The miscellaneous costs are also similar to
those calculated for the A-16.- The total of &dll of these _components is
$181 931 and when the annualized costs of the equipment and facilities
of $101,128 are added, the total annualized cost of the CCC-17 is esti-
mated to be $287,059. In order to find the avetage cost per session,
.,

we need only divide this annual cost by the numéer of daily session pro-

~vided on an annudl basis. This is shown under different assumptions about




TABLE 6 -- Annual Costs of Personnel, Training, Curriculum Rental,

Maintenance and Miscellaneous Components of CCC-17

Personnel
Administration - § 5;895
Coordinators 67,500
Fringe Benefits on above @16.7% - 12,257
T.AS 15,660
Substitutes 2,340
SUBTOTAL $ 103,652
Training (indirect costs) $ 1,350
Curriculum Rental 20,857
Maintenance 42,072
Miscellaneous 18,000
TOTAL $ 185,931
\
029




the number of daily sessions provided: .

-zﬁuhber of Sessions Annual Cost Per

Per Day . Daily Sessior
. Per Terminal  Per 96 Terminals
21 2016 ' $ 142.30
23 2208 130.00 -
25 . 2400 119. 60

Based upon the median number of 23 daily sessions, the average cost per
session for the CCC-17 is estimated to be about $130 in comparison. with

about $136 for the A-l6.9

This suggests that the CCC~17 has a cost that is about five percent
lower per CAI session than ‘the A~16. This represents a rather small

©

difference, especially since it assumes that the CCC-17 is utilized to
capacity. One of the advantages of the smaller scale of the A-16 is that ‘
it provides somewhat more flexibility. Since it can be utilized in ﬁulti-
ples of 32 terminals, there is likely to be less of a‘problem in under-
utilization than a sys;em that must be implemented in multiples of 96
terminals. Because of the high fixed costs of these types of ;ystems,
underutiliéation«hgrdly reduces total costs at all. This means th;t one must
divide relatively irreducible total costs over fewer sessions, with a marked
rise in cost per session. For that reagon, the five percent reduction

in cost pef session under assumptions of full utilization would deteriorate
rather quickly if the CCC~17 couid not be fully utilized §tva scalé of

96 terminals.

One other point that ought to be emphasized is that of the total

annual cost of $287,000 for the CCC~17, only about $76,000 is accounted

C duy
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for by {;e cost of the computer hardware. This means that almost three
quaEters of the cost is allécable to factors thaﬁ-are not ostehsibly

;ffééﬁéd sy”iﬁp;§§emen£;min ééméﬁtéf”Eechnolbéy,“thﬁs.limiting tﬁébédst‘-
savings 9btainab1e byTtechnologicél advances in the CAI system. In fact,

as :a general rule, virtually aliﬁteéhnologically—based instructional

systems will show only about one quarter to one third of the costs are associ-
ated with their "hardware."” This means that d;astic reductions in the

costs of such hardware may have only nominal effects on overall cost; of

the instructional strategy. Further, to the degree that the decrease-in -

even those costs is associated with a larger scale of operation, even

‘these cost reductions may not be realized unless the system can be utilized

“

-

to :full capacity.

It shoﬁld Se noted that according to CCC, the CCC-17 is educationally
superior to the A-16. -Clearly, the cost per session is not as important
as the cost per unit of educational effectiveness. Thus, even if the costs
of the CCC~17 are comparable to those of-the A-16, a superior level of
effectivenes; may still make it a better investment. Howev;r, without

data on the relative effectiveness of the two systems, it is impossible

to evaluate this claim.
SUMMARY
The purpose of this paper was to estimate both the costs and cost -

feasibility of utilizing a particular CAI apptroach for compensatory educa-

tional purposés. The particular approach that was chosen .is the CCC A-16.

‘and its implemeptation for a four year experiment on“the effectiveness of

CAI that had been established in the Los Angeles Unified School District.

o - - 531

2




Based upon the ingredients approach to cost-analysis, it was found that

P to three sessions of drill and practice of ten minutes duration could
be provided for each disadvantaged child at thé present level of Title I
expenditures. This means that three different subjects could be. provided
or tﬁat multiple sessions in one or twoAsubjects could be ;ffered for
each child. As such, it appears thgg the instructional strategy is cost -
feasible withig present provisions for compensaﬁory education. Utilizing
thg A-16 between schools would increase costs rather substantially, but
two sessions of CAI would still be feasible within present compensatory
educational allocations. .

Costs were also est;mated fsr the more advancgd CCC~17 computer
system, and somewhat surprisingly thg costs were in the same range as
those of the A-16. In part, this finding reflects the very hea;y "soft-
ware' components of CAI approaches, and,'in part, it may reflect the
possibility that’ the CCC~17 is more effective than the A-16 (even though
“the costs aré quite similar). It is clear that a more exhaustive analysis
of the merits of differént CAI approaches as well as a comparison between
them and other instructional strategieé will require effectiveness data
as well as cost estimates. Some of these should be forthcoming from the

ETS/LAUSD experiment, and it is hoped that a cost-effectiveness comparison

can be made at some future date.
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: FOOTNOTES

The best studies in this area are Jamison et al. 1976 and 1970 with

“respect to CAI. However, cost-effectiveness analyses of other techno-

logies can be found in Instructional Science 1975. See Carnoy and
Levin 1975 for a critique of the. methodologies of these studies.

,These studies will be forthcoming in 1980 by Paul Holland, Dean Jamison,
~and Marge Ragosta of Educational Testing Service.

Virtually all of the issues discussed here are reviewed methodologically
in Levin 1975. The best application. of costing methodologies to instruc-
tional technologies is Jamison et al., 1978.

Ibid. This paper will flot include student time as a resource, since it
is difficult to place a value on this dimension. However, alternative
instructional strategies with mostly different demands on student time
should take this component into account.

<
As school enrollments décline, it is common for some observers to ques-
tion whether any cost should be attached to newly available classrooms
that are no longer needed to service regular enrollments. However, such
facilities are not costless as long as they have alternative uses. In
fact, there are a large number of alternative uses as evidenced by the
expansion of special education programs, rental of rooms to other public
agencies, or the closing of schools and their rental or sale.

The useful life of school facilities is taken from estimates by LAUSD
administrators. g

cCC staff gave us a figure of 6-10 years depending on level of utilization
and assessments of technical obsolenscence. We have used. the six Yyear
figure because of the very intense level of utilization of the equipment.
However, extending the estimated life to ten years would have the effect
of reducing the overall instructional costs by no more than 2-3 percent.

*

See Levin 1975 and Jamison et zl., 1978.

Jamison et. al., 1970 suggests that at that time a cost of $50 per session
was attainable on an earlier CCC system. That estimate seems overly

- optimistic; even when adjusted for inflation it *s about half of our

estimates. Most of the difference appears to ari e from the fact that
coordinators were not used in the configuration that they describe as
well as the assumption that the utilization rate would be 25 sessions
daily. They do not mention the number of minutes per session. Early
"drill and practice” curricula utilized seven minute sessions, and they
may be assuming these shorter sessions.

o7
90
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was likely to derive from the evaluation. "

TOWARDS A META COST-EFFECTIVENESS ANALYSIS OF EDUCATIONAL INTERVENTIONS

cenrevenm

[y

I. INTRODUCTION

This report has ité origin in earlier work that was done on the cost
analysis of a particular educétional int;rventiOn usihg computer—assisﬁgd
instruction (CAI) to improve the éducatiohal performance of youngstérs Sp&
were defined as educational disadvantaged. (Levin and Woo 1981) Under %he
sponsorship of the Natioqal Institute of Education.(NIE), tﬁe Los Angeles
Unified School District (LAUSD) 4nd the Educational Tésting Service (ETS)
Eollaborated in a unique experimeﬁt to test the effectiveness of a specific
application of CAI in raising the test scores»of'stuQents in mathematiés,
readingband lagguage arts. The‘experiment was Gnique in that it was
designed to examine the effectiveness of CAI along many dimensions including
differences in amount qf daily instruction, in number of years of instruction,
and in subject area."The fact that the experiment was carried out over a
four year period, frdm 1976-1980, meant that the cumulative effects. of CAI
could ‘also be examined. | V |

Ope of the concerns of the séonsoring agencies and educational policy-makers
more g;nerally is the question: Is CAI more effective in raising academic
performance of disadvantaged youngsters; relative to its cost, than other

e

educational interventions? Put more succinctly, is C A

a more cost-effecéi?€“?“_
strategy than other educational alternatives for im,foving the educational
proficiencies of the disadvantaged? Since the purrose of the ETS/LAUSD

experiment was to examine the effectiveness of C/Il/Ehgpﬂpaftfcular information

g

o

In order to provide the pertinent data on costs, a s@écial study was
initiated to ascertain the cost of replicating the specific CAI approach that

was taken in the experiment. Using the ingredients or resource method of

1
e
g:
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estimating costs, it wasofound that a daily ten minute session could be
provided over the school year for about $135 per student_in additional costs
in 1978. Given the funding available in i978 under fitle I of the Elementary

and Secondary Education Act of 1965, about $400 per student, as many as three

sessions could be provided per child on different subjects or a single subject.

'

"0r, more realistically, two sessions could be orovided while still leaving’

p ’ S - {

"_about $130 available for other Title I services.

In summary, both estimates of costs and effects were derived for the
'experiment. But, clearly these data are not adequate for a comparative studyft
of cost-effectiveness of different educational interventions without similar'ﬂ
information on other educetional alternativles.  That is, knowing both'the cost
and effectiveness of different amounts of CAI in different subjects is not
adequate in.itself for.judging the relative cost-effectiveness of CAI. Rather,

we also need similar types of data for'the alternatives to CAI. But, given

,'the inability to initiate costly, multi-year experiments for the educational

;inferventione, such data cannot be derived in the game careful and painstaking

3
way that they were derived for the CAI. _ :

&

The purpose of this study is to develop '‘an approach for comparing the
cost-effectiveness of CAi with other approaches in the absence of such
experimental data. The appfoach builds on the meta-analysis strategies

developed originally by’Gene Glass and Richard Light and their colleagues

and refined by/c1ags, McGaw and Smith (1981). The idea behind meta-analysis

is that we can 1earn more about any particular phenomenon by drawing upon all

of the evaluations of that phenomenon than by relying on any single one.

Each evaluation contains potential information that others mav not have, since
each is based upon scope and treatnent conditions that are likely to differn&

from other studies. For example, different studies will analyze different

y E
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intensities and'vers;ons of a single treatment and will apply them to-
different populations. A generalization about the phenomenon should draw
upon this wide and richer range of conditions than any single study éould;~\

encompass.
— :

The evaluation ‘approach that tries to generalize about a phenomenon
from judic;ous‘anélysis of all of the studies on that phénomgnon is known
as a mefa—analysis. This does not mean that” all studies are weighted equally
in the analysis. Some may be discarded because they do not meet even minimal
criteria for acceptability on the basis of such factors as-poor design,
inadequate measurement, and so on. ‘Ofacourse, these issues often are matters

‘of degree. That is, there is no "perfect' evaluation, giveh the complexity

of the world in which social phenomena take place. But, some evaluations are

o

. better orlmore apprb,riate than others, givenlthe particular question of
interest. Meta—analysig.représents an attempt to assemble a large range of
appropriate studies and draw generalizations by a judicious assessment of
them to see what type of paftern seems to be evident.

Although the focus of this study is on the development of a meta-analysis
for cost-effectiveness evaluation, the meta-analysis of effectivenéss, itéelf,
will not be a focgs. Under separate,afrangements, Gene Glass of the University
of Colorado has beeﬂ working on a parallel study of meta-evaluations of the
effecfiveness of CAI, reducing class size, teacher retraining and tutoriqé
interventions. All of these represent potential alternatives for atggmﬁéing
to improve the educafiop of disadvantaged youngsters. This particular study
will focus, instead, on developing meta-evaluations of the costs of thesé
interQentions and,éémbining them w#th the Glass estimates of effectiveness

into cost-effectiveness measures.that can be used to assess the available

alternatives that might be considered by decision-makers.

239
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This report will proceed in the following way. First, we will discuss
the methodolog& for estimating costs and its aoplicability to a meta-analysis
approach. Specifically, we will be concerned with the problems that arise in
this type of application. Second, we uill review cost models for the four
interventions that are being‘examined by Glass: (1) CAI; (2) reduction in
‘class size; (3) teacher retraining; and (4) tutoring. In»doing this,
we will focus on the concepts as they apply to each type of intervention
rather than the final cost estimates. Finally, we will discuss those issues
that arise in bringing these together in a policy framework with the
effectiveness estimates to create a meta-analfsis of cost-effectiveness.
The reader of this report should be warned that this document will be devoted
- primarily to conceptual issues, although some details on the cost models will .

be provided. However, the actual estimates of costs and cost-effectiveness

will be the subject of a future paper rather than of this report.

II. DISCUSSION OF COST METHODOLOGY

The appropriate cost nethodology for addressingAthis type of oroblem is
known as the ingredients or resource approach. (Levin 1976; Levin‘l981)
This approach is based upon two essential steps. First, an inventorv is made
of the ingredients or resources that are required to replicate any particular
alternative, for example, an educational intervention. Second, the resources
or ingredients that are required are given a cost which is ba?ed upon the
sacrifice or cost to society of using the resources for the {ntervention rather
than for the best alternative use. A third step that is sometimes taken is
to distribute the costs among those entities bearing them such as different
lfvels of government, volunteers, and other private sources. Although these
”steps are straightforward in principle, thev areﬁrarely straightforward in

practice for a variety of reasons.  The most important of these are that
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ingredien for feplicating an interventipn are not always obvious or provided
in any systemgtiébway for the analyst,;and costs are often found to be
problematic or elusive. Worst of all,?standard acéounting approaches and
budgeting techniéues used in the educagional sector will not provide an
accurate picture of either ingredients or costs. Accordingly, a discussion

of the principles is in ord before proceeding to their application to the
present case.

v

The basic notion behind the ingredients method of costing is that all

~ .
resources required for replicating an intervention must be accounted for, .
and the proper value for using those resources for that intervention rather
than an alternative use must be established. In this way, it is possible to

establish a cost value ‘that represents the 'sacrifice' in terms of value of "

resources that society gives up to make the intervehtion. Such an estimaée

i

. v . “/
provides a consistent picture among alternatives on the nature and value /of

costs as well as an appropriate conceptual framework with regard to the
economics of costs.

Identifving Ingredients

The process of identifying the ingredients fqr any particular a 4ernative
begins by asking the question, what resources are requiréd to repligate a
specific intervention that produced the effect that will belestima;éd. ‘That is,
the.éffectiveness of any particular intervention is based ubon a nﬁmber of
ing&edients that are brought together and orgénized in such a way to produce

/

tﬁat effect. These ingredients include personnel, facilities,;ahd materials.

/Since education rends to be labor-intensive, a substantial aspect will be

personnel costs. Here we are concerned not only with the amounts of personnel,
but also their qualities or characteristics.
Some of the ingredients are always obvious, and some are not. For example,

the principal personnel who are involved in the intervention and the materials

11
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and equipment that are used are usually readily evident: Less obviou. are
‘administrative resources and facilities, when such provisions are shared with
other programs or functions. However, there are various ways of estimating
the portion of shared resources that should be linked to any particular
activity. Finally, there are/ﬁhidden" ingredients, those that are not apparent.
For example, in experiten;af/interventions the experimenter and his or her.
staff are often expectéd to observe th\\experiment. But, what 1f the presence
of the experimentgr/a:d staff serve ‘to make all of the other personnel more
highly motivated and attentive/than they would be inrthe.absence of such
distinguished observers. In such a case, the personnel associated with the
research function are indeed required to replicate the intervention as it is
being considered, and its measured effectiveness isidue, in part, tegthese

"hiddenf ingredients. -

Using our definition of ingredients as all of thcse resgnrces that produce:

-

,'the observed effect or result, all of these ingredients'mnst be considered.in
setting out the overall resource requirements.q Replicating the intervention
without these "hidden" ingredients is 1likely to produce a different effect.

Even 1if we consider that the effect of having experimenters around is unintended
or a hawthorne effect and would not be replicated in other settings, the Lo

specific effects that we will be measuring will be based upon all of the

ingredients including the influence of the experimenters. In fact, we will

suggest below that the teacner retraining interventions seem to be highly
susceptible to the influence of having nationally renowned researchers as
observers. ) S
Finally, even ingredients that are used in the intervention but‘brdvided
.for through contributions or voluntary personnel are identified. The fact
that anyvparticﬁlar ingredient is paid for by one_constituency/rather than

another is not a reason for omitting it from the specification of ingredients.
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The issue of who pays for what portions of an intervention is an importan; one
that requires subsequent ranalysis, but no ingredient should be omitted from
the anaiysi% because {t is "free" to the séonsor of the ihtervention, A1l
~ingredients or resources represent a cost to someone. At first we must
" concern ourselves only with identifying the ingredients and their costs, and
: 'later we can examine who‘might pay for them.

*Costing the Ingredients

After identifying the ingredients, it is necessary to determfne their
costs. Although an accurate cgﬁt‘for many ingredients will be found in
budget statements, many costs cannot be ascertained in that way. If it can ~
be assumed that personﬁel are receiving the salaries and other beﬁefits that
they would obtain in €he general market for their services, such’ information
can be used to place a cost on these ;nputs. In some cases, costs will not
5e found in the budgets, and in other cases the costs will be incorrect.

For example, volunteers, céntributed facilities, or facilities that héve been
paid for preVio;sly will not be evident on any'budgét; Yet,»becauée such
ingredients have alternative uses that have value, there is a cost to using |
them for the interveﬁtion. That:cosf can bé ascertained by determinirg what
similér type; of ingredients wéuld cost 1f they had to be purchased.

Budgetary distortioﬁs occ#r when expenditures are bﬁsed upon special
arrangements of a non-market nature or when the accounting principles utilizgd
do ndt reflect the actual use pattern of the resource. In the first case,

_one government such\gy a municipality may make a special and favorable arrange-
ment with another govéin?ent such as a school district to provide a surplus
facility at a bargain price. The true cost or value is the amount that that

facility would fetch in a ;ease or rental in the general market. In this

situation, the bargain rate would understate the true cost or value of the
v '
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facility.. The most common distortion in budgetary costs relative to true
costs 1s reflected in the situation where capital improvements are charged
to the budget in a single year even though they have a life of many years.
School districts and other units of government typically pay for equipment
and the fefurbishing'of fécilities in the year, that such improvements were
acquired. Yet, equipment and improvement of facilities have a life of many
years, and the‘approﬁriate cost ﬁn any one year is to éharge for only their
depreciation and a rate.of int;fest on the rehaining investment.

The principles of estimating costs are. partially based upon using market
values and paftially based on using "shadow" prices, the appropriate value
fog a re;ource if it were traded in a perfect market, In order to ascertain
how these principles are applied, it ig ﬁecessaty to know both ecoﬁomic and
accounting concepts. The economic framework’ provides a basis for ascertaininé

.how to determine the cost of an ingredient, while the .accounting framework

.

£
sets out an operational principle for making the cost estimate. Economics

without knowledge of cost accounting provides too abstract an approach for
obtaining concrete cost estimates; and accounting without the conceptual
framework provided by economics provides too applied a technique with all of
the dangers of missing ingredients that are not found in budgetary or
accounting documents. ’

Once the ingredients are identified and their costs dete%mined, it is
possible to determine the cost of each intervention. For each intervention
a list of ingredients andﬁfppropriate costs is compiledf The total costs of
each intervention can be divided by the number of students served or the
number of service units provided to give a cost per unit. Or alternatively

a cost per student can be compared with a measure of educational effectiveness

for a specified population for jall interventions to obtain cost-effectiveness

54,1
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meashres among alternatives.
bne additional step. that is ofteqltaken is to ascertain the distribution
of the cost burden among interventions. Consider that for some interventions
the school district must pay all of the costs, while for otheréinterventions
it 1s possible to obtain contributed faﬁilities and volunteers. In the latter
case, some of the costs are borne by those who are volunteering or providing
the facilities. In that case, ‘the cost might be less to the school district
for the latter intervention, even if its total costs to all of the payors is
greater than in the first intervention. Obviously, the cost to the decision-
maker will weigh heavily in his or her choice, regardless of ghe total costs
of the intervention. Accordingly, A distfibutional analysis of cost burden
is carried out to determine the costs to diffefenn constituencies of each

intervention.

Meta-Analysis of Costs

A meta-analysis of costs begins with two major challenges. The first is
characterized by the normal hazards of mgta-analysis. Such ha;ards include
the attempt to combine the results of a large and diverse set of studies
carried %ut on different populations with different designs and objectives.
But, in addition to these challenges, there 1s the additional one reflectea
by the fact that virtuall; all'evaluat;ons of educational interventions lack
any cost perspective. In the meta-evaluations of educational interventions,
at least, all of the studies will focus on a relatively common criterion of
outcome. But, there is no comparable éoncern for estimating costs. The result
is that such information is lacking in its most rudimentary form.

To begin with, most such studies include no discussion of costs or cost
factors. Even worse, few have any systematic and reasonably complete
description of the intefvention and the ingredients that are required. This

tends to be a deficiency of many evaluations in education. That is, the




treatment, is deséribed in‘an idealized form, with little attention to the
al treatment that was receivedlby students and with no serious attempt

to describe carefully the ingredients that were used. The most severe
shortcoming of evaluations of educational interventions from the perspective
of ddingrgost aﬁalysis is this dearth of relevant information. That is,
soméhow through the scrutiny éf a number of similar types oé intervention
studies and background reading on the iqtervention, the cost analyst must
construct a reasonable cost model consisting of the ingredients required for
the intervention and the probable costs of the ingredients. To a large degree
this exercise can be only minimally informed by any specific study.

A rglated problem is the one that was mentioned above. Hidden ingredients
represent a r;al possibiiity in a situation in which there is no systematic
attempt to provide information on the treatment and ingredients as a central
part of each stﬁdy.being reviewed in the meta-analysis. Not only is the
éost reconstruction susceptible to omitting hidden .ingredients, but it must
also risk guessing which ingredients are necessary for replication. In.the
teacher retraining std&ies, 6bservers from projects that were directed by
nationally-known researchers in‘teacher effectiveness were used to determine
if éhe teachers were utilizing their training. In the evaluations of these
interventions, such observers are treated aé part of the data-gatheriné
apparatus rather than as an intrinsic input into the intervention. Yet, it
would seem unreasonable to assume that the effects that are observed could
be replicated without observers deriving from major research 6rganizations.

In the longer run, researchers should be expected to provide explicit

detail on the nature of interventions, with special attention devoted to

%

specific ingredients. Further, they should be required to separate both
conceptually and empirically the ingredients that are developmental and

experimental on the one hand from those that would be required for replication.

5 'j (l)‘
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Many research studies that attempt to ascertain the effectiveness of inter-
ventions utiliz; both kinds of inputs. For examp}e, the constructio; of
progr;m materials, developmgnt of program, and training of observers and
researchers are not required for replicating an intervention. Yet, often
pgrtioné of these activities are foupd to be enextricable in the presentation
of‘research from those factPrs that would be required for replication.

A clear distinction ought to be drawn between the two in writing research

reports. Even more basic, all research reports should include a  systematic

presentation(gf the types and amounts of resources that were used in the

intervention&\whk

II1. SPECIFIC INTERVENTIONS

The purpose of this section of the report is to review four specific
interveﬂtions'with'respect to the elements of both their ingredients and
cost structures.  This review is based upon a review of studies that
attempted to evaluate the intervention. In each case we will describe briefly
the inﬁerventioﬁ and discuss its ingredients. We will devote special attention
to the varianfs of the cost model with respect to each intervention. ‘

1.  Computer-Assisted Instruction

The plethora of computer-assisted instructional approaches makes
generalization exgremely difficult. They vary from specific instructional
units that can be used to supplement regular instruction; to complete
courses that are taken by computer; to continuous and year-long Sequences
providing drill and practice in support of the on-going instructional program
in pérticular subjects.~ Each of these approaches_has different objectives
as well as providing a plethora of alternatives with regard to hardware,
curriculum, and organization. As such, it is not possible to refer to CAIL

as an instructional intervention that has great specificity. In many respects,

the different forms and uses of CAI represent different instructional

317
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interventions, as different as the diversity among different curricular

interventions. Accordingly, the CAI model will not be a general one, but l}i'- ",\‘

" the particular one that was used as the basis for the ETS/LAUSD experiment.‘

\\

This model has the virtues of having been tested for a number of
subjects (mathematics, reading and language arts); most of the primary.“
school grades, different intensities of treatment as well as durations of
fgi" 1:‘ up to: three years; and an excellent expe:imental and analytic design./
giw’ Q:°" ‘ Although the intervention addresses only the drill and pract1ce capability
of CAI, this is an important application and one ‘that competes with other

o . . types of educational interventions in terms of attempting to 1mprove basic

.skills. The resource cost model is approximated in Table One.?

e ‘A : S : Table One
" s ‘ >Ingredients of Resource Cost Model'for GAI'
s , Vg
Facilities - Classroom containing terminals and _ .

/CAI equipment-as well as renovations
'necessary such as air-condltioninp

nlﬁ s o Lo \ and security devices ~ o
o , ; . Equipment - - ] Central processing unit, terminals,g
S S printer, and- ¢communications- equip- -
T - IR - ment .if needed. such as telephone
g lines, modems . and multiplexers B
jé K QWI | .$x;_' g Curriculum - Rental of software required for
a A , . instruction
a ’ Personnel = - Coordinators and aides as well. as
P —— :
A ) . o training

Miscellaneous - Administrative, insurance,
' : utilities, etc....

Sn

Tahle One shows the basic elements of the CAI model used for this analysis.
Most of the ingredients are self-explanatory. The central processing unit
S ‘ and student terminals are situated in a special classroom that 1is air-

R . pondltioned'and has special security arrangements to protect the equipment,

3
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" basis for each ten minute daily exposure to CAI. In late/

_An smaller classes. Thus, student
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The eduipment consists of the central processing uﬁit (cpu) tﬁat stores the
\curridulum and studéﬁt ?ecords'an& that provides the instructian and étudent
terminals with.keyboards and video screens. If the CPU is shared by more
thén one school, there are also coéts fér the commpnizations equipﬁent
bétween schools. The curricu%um includes the EOmputer programs that are
léased Eor use in the system. ‘Personnel inclu&é}&he coordiﬁator responsible
for each CAI room and aides who answer student quégfionshaAd assist the

_ iy _
coordinator. Finally, there are a number of misceli@peous ingredients such
A : "::\,
as the administrative inputs, insurance and utilitiesf\
Since fhg costs of this CAI approach have already ;kfn described and

3

estimated in detail, it is best to refer to the more cémpﬁghensive study.

In 1978, these costs were estimated at aboﬁt $135 per student on an annual

comparisons of
'costs, it is these estimates that will be used to compa;7 with those of other

interventions. 4

e,

2. Reduction in Class ‘Size

/
Probably the most universal and common stratggx/for improving student

‘academic performance is that of reducing ClaSS'Sa;é. Presumably the
reduction of class size provides a number of b nefits to students. First,

students may feel that instruction is more personalized and less anonymous

y feel more comfortable in the

classroom environmen%, and achers can tailor instruétiqn more to the

specific students in the class. A s;cond and related possible benefit is

-

that smaller .classes do not require as ‘much regimentation to keep order.
To the degree that less time can be taken on the establishment and reinforce-

‘ment of rules for maintaining order, there is more time for instruction.

Finally, the smaller the class, the more time that teachers can devote to

2
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individualized instruction for ‘each child during those parts of the teaching

TN

process rhat enable individual attention.

While smaller class sizes have this potential for improving instruction
and academic achievement, it is_not clear that theyvalways realize this
potential. Moreover, evaluations of their effects vary in riger and the
control of~extraneous influences. Recently, Gene Glass and his associates
have carried out a meta-analysis of the effects of class size on achievement.
This analysis suggests that reductions in class size do have modest effects
on achievement, with the size of the effect dependent'on the magnitude of
the reduction and the initial class size that is being reduced.

The ingredients model for reducin; class size is relatively straight-
foruard; enconpassiné two;resources, teachers and facilities. Obviously,
as a given student population‘is divided into more and more classroom units,

more teachers are needed and more classrooms are needed. Thus, the resource

cost model for any reduction in class size must estimate its impact on these

. two ingredients. By costing out the two ingredients, the cost of any reduction

in class size can’'be estimated.
| 3. Tutdring

In a sense, tutoring represents the extreme reduction in class size by
reducing the number of pupils for each instructor to a single person or just
a few. However, morg typically tutoring interventions do not fit well into
the reduction oficlass size'paradigm because they are devoted to remedial -
instruction or to subjects not covered in the normal curriculum such as
advanced study for the gifted Or, they can be used to simply reinforce what
is covered in theiregular“course of instruction. Moreover, they are rarely
'taught by classrodm teachers. Rather, the bulk of tutoring interventions'

in the public schools are based upon students of the same age tutoring others.

[§
o~

e
l)u(j

)




- A pey li: - :"i"'
SN I Ee— =
o o= -
. b : B ,
o : -~ : ’
- e S ——
AR = -15=-

‘%,___\~ -

(peer tutoring) or older students tutoring younger ones (cross age tutoring). .
&Hélusuiizarrangement ié to choose a student with grgaﬁer proiiciency to

assist one whose achievement has been lower ip the peer tutoring approach.

In some cases, parents or other adults have been used to totor youngstérs.

The main advantage of the student tutoring model is that students
represent a large potential teaching force. Thus; they can be anlimpBrtaqi;\\\’///
resource in the instructi&nal-ﬁfocess. Second, studies have suggested that
the tutors may benefit substantially in both self~esteem and in réising ’
their own achievemen£ levels by tutéring‘others, so both the tutor and the
tutee may benefit from this process. Third, the approach has a high degreé
of flexibility in terms of subjecté, tutors, pupils, r%quiréd facilities,
and so on. The approach can be highly formal with substantial traiﬁihg of

. tutors, structured exercisés, tailored materialé,‘and special facilities or
highly informal with little or no training or structure and use of regular
classroom materials as wgll as reliance on available space in hallways or .,
other barts of the{buildigg. Finally, tutoring can be occasional for students
who have difficulties with ﬁarticular concepts or exercises, or it caﬁ be
‘'systematic for_a given ;ubject or for all subjects. Thus, even the anount of
tutoring received by participating students can differ from a few hburs to
more than 100 hours a year. ‘

The flexibility and richness of thé tutoring model make it an attractive
§6tential"intervention for schools, but the variety ofvapplicatibns creates
obstacles.tb the construction of a straightforward resource cost model to

.irepréseﬂt the approach. This can be readily discerned, from Table Two which
shows the ingrédients fdr_the tutoring model. Personnelrincludeythe
supervi;or or coordinator and tuto;s. ‘But, the amount and qualities of

persoggél depenﬁ upon the specific tutoringyhpproach. vFon example, the use
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of adults versus older students versus peers will have profound effects on

- the estimation of costs. From the perspective of students, the value of

student time will depend on whether the activi;x takes place dpring'school
hours or after schdol. Presumably, the ‘time of a student tutor should be
evaluated only on the basis of the amdudtiof learning that he or éhg foregoes
during the school day. But, after séhool hours there is a value that is
determined by employment possibilities or the valge of other voluntary
activities. ‘

Table Two

Ingredients of Resource Cost Model for Tutoring

Personnel - : - Supervisor or coordinator
= Tutors
Training - . = Time of trainer and tutor used Y

for training process

- Materials used for tfaining and
other ingredients

Facilities - Tutoring space
Materials - Specialized materials used for

tutoring (beyond those used
for regular instruction)

<

Other factors determining the peréonnei input include the length of

.

.tutoring sessions and whether the tutoring is supplementary or used for

replacing regular instruction. The amount of supervision or coordination

1s also affected by these factors as well as the amount of training that

‘must”be given. Training differs substantially ahong different tutoring

approaches, with obvious consequences for costs.. The impliéations of
facilities and materials on costs is also one subject to great varisbility.
For example, among 23 tutoring studies, the range in tutoring time over a

year varied from one hour to 180 hours with the median at only 2 hours a vear.
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Training timeAvaried from none to 37 hours a year, Qith a median of less
than one half hour. gimilaf‘variation i{s found in the use of facilities
and mﬁﬁerials. |

Accordinély,:cost models mus£ be constructed that permit differentﬂ
configurations og ingredients to match the evaluations of effectiveness.
A number of bossibilitiés'exist including providing estimates of costs for
different va:iants of the tutoring model as well as specific cost estimates
for those models that. have been characterized bv the most credible evaluations

or other criteria such as implementability.

4. Teacher Retraining

A substantial part of the educational enterprise has been devoted to
teacher retraining. The assumptions underlying this intervegtion are that
teachers have been poorly prepared in the past, or that new evidence on
teach%ng effectiveness has been d}scove;ed that should be conVeyed'to
teachéls to alter teaching pfacticé. Without commenting on this rationale,
it seems peculiar that teacher retraining shoﬁla always take as given the
inadeqﬁacies of'existing teacher training without altering the basic training

"repair" to

. 1tself. That 1s, 1f teacher retraining represents an important
make up for the inadequacy of teacher selection or teacher education, then
it would appear that the longer run solution is to improve teacher education

and selection. However, many schools are faced with the dilemma of having

large numbers of tepured teachers who could be far more effective than they

P ; »

presently are. The challenge is to find a retraining intervention that will
e
improve their performance in :aising achievement levels_of their students.
While there 1s a long history of such efforts, the overall picture of

teacher retraining is a glum one. In general, thete has been little evidence

that such interventions .make much of a difference in teacher or student
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- -==-behavior. However, the last few years have yitnessed a number ‘of projects
which have claimed success in improving the capacity of teachers to raise
the achievement of pupilg} In general, these'approaches'have in common the
goal of getting teachefg’to divide the curriculum into highly structured
units in which.goals are made clear; general érinciples afe advanééd;
spgcific exanmples are given followed by exerciseg with feedback to students;
and finally an assessment of student performance is made. The te;cher
retraining intervention was disarmingly simple. Teachers were given a
training manual that provided guidance for structuring lessons in mathematics.
Tfaining sessigns were given to i%troduce teachers to the manual and its
concepts and applications. Finally, teachers were observed to see if they'
were implementing the directions set out in the manual.

Table Three

Ingredients of Resource Cost Model for Teacher Retrainiﬁg

Personnel - ~ Trainer
’ ) - Teachers during training
- Observers

Materials - v Manual and other related
materials *
Facilities - Space for training

Table Three sets out the rather simple list of ingredients for this
retraining approéch. Personnel in;lude the t;ainer, the tyée.of tﬂe teachers
during the training period, and the classroom observers./lAlthough the
research studies stipulated that the observers were nogva part of the inter-
vention: but were only used to systematically gather data on teacher practices,
it is difficult to bélieve that the observers did not haverah effect on the
teachers whom they were observing. Sponsors of the projects were some of the
léading national figufes in teaching effectiveness, and their students and

colleagues served as observers. Accordingly, it is hard to argue that théy
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were unobtrusive and not part of the "treatment." It is more reasonable to
believe tﬁgt teachers wanted to impress the observers with théir preparation,
teaghiﬁg'p?owess, and adherence to the manuals. Accordingly, they are
included és an input into this model.

Among the four projects, training time varied from three hours to 360
hours a year, with a mean of 97 hours. Observer time varied from 3 hours to 36
hours per ygar.' The manual was relatively brief, oniy 20-30 pages, and égr

: a
main concern is the replication or reproduction costs of this ingredient.
Since there were only four projects, it seems sensible to estimate thehcosts
of each - - that‘is, to view them as four separate models to compare with
the four separate studies of effects.

o

Costing the Ingredients

At the present time attempts are being made to ascertéin‘the costs of
each of the ingredients. These will be estimated for each ingredient
separately and aggregated for each model by major category of input as
reflected in the earlier work of‘'Levin and Woo (1981). Although the costs
of specific ingredients may differ from locality to locality based upon
local markets, itgié,impoftant to base costs on some 'average' figure.

Of course, the'cést estimates can be modified to take account of differences
on a local level; but a meta-analysis should provide an overall or”general

picture. In the final section of this report we will consider some

imbliéations for a cost-effectiveness analysis.

IV - COMBINING COSTS AND EFFECTS INTO COST-EFFECTIVENESS MEASURES

The final step is that of combining the cost estimates generated by
these models with the effectiveness estimates generated by Gene Glass into
rafios oflcost-effectiveness that can be compared among interventions.

[

For example, the Levin-Woo estimates of costs for CAI for 1978 were about $135
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pef ten-minute session on an annual basis. According to the Final Report -
of the ETS/LAUSD project, such an intefvention seemed to have the effect

of increasing test scoreg in arithmetic computation for grades 1-6 by .36
standard déQiationé aftef.one §ear'of CAI, .56 standard deviations after two
years of CAI, and .72 standard deviations after three years. (p. 164)
According to Cene Glasg, one sfandard deviation is about equivalent to one
vear of iqstruction at this level. Thus, we would like to compare a gain

of .36 standard deviations for a one year in;ervention of CAI At a cost of
$135 with the cost of obtaining similar gains through other interventions.
Presumably some interventions will be found to provide larger eéfecté-per
unit of cost than others. Moreover, 1if the differences are very large, we
should consider seriously that the differences in cost-effectiveness are

an important basis for selecting some interventions over others. However,

a number‘ofxghallenges and possibilities will be present that need discussion.

Joint Products or Multiple Outputs

One of the major challenges to the analysis will be that most of the
evaluations are based on the examination of a single output. Yet, some
interventions may pfoduce changes.in student achievement and other student
outcomes along more than one dimension. An example is instructive. Suppose,
we compare two interventions on the basis of their costs and effectiveness in
improving mathematics test scores, CAI and reduction of class size. The CAIF
will be tailored to produce improvements in mathematics proficiency, since the
qhildren will be exposed only to arithmetic drill and practice. In contrast,
thé reduction of class size will presumably affect all classroom activities;
both the teaching of mathematics and other subjects. That is, it is probably

fair to assume that the intervention of a drill and pfactice curriculum in

<
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mathematics for CAI shoulé be évaluated primarily on the basis of its costs
and effectiveness with respect to ;hc mathematics outcome alone. One can
search for other effects or joint outputs such as improvement in other‘
subjects or in self-concept as. a result of the CAI sessions in mathematics.
But, if no other effects are found, it is probably correct to aésign the

entire cost of the CAI sessions in mathematics outcome alone.

But, in the case of a reduction in class size, clearly only a portion

of the cost of the intervention should be assigned to the cost of mathematics
instruction. Typically, only about one hour out of a five or six hour day
in the elementa;y school curriculum is devoted to mathematics. Accordingly,
only that portion of costs of reducing class size should be assessed as the
cost of the class size intervention for improving mathematics achievement.
A;_least five/sixths of the time over which a reduction in class size is
operative is associated with other activities.. The estimation of the cost-
effectiveness ratio for improving mathematics achievement through the
reduction of class size must take account only of the porFion of the inter-
vention attributable to the teaching of mathematics. Other work. such as
that of Dean Jamison on cost-effectiveness of class size and other interventions,
has tended to ovérstate the éppropriate cost for reducing class size by
assigning all of it to a narrow instructional domain that comprises a”small
part of the curriculum,

To summarize, each intervention will have to be evaluated td ascertain
if all of the cost should be assigned to the specific domain in which
effectiQeness is being evaluated or oﬁly a portion of the cost. An alternative
procedure is to specify a number of potential outcomes of the intgrvention

including changes in achievement in a ﬁumber of subject areas. These

evaluations can then take account of multiple outcomes which can be
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aggregated into a single metric of effectivenegs by;applying utility
weightings /to the outcome. Bylusing different uti#ity weights ‘to value the
outcomes, ‘the results can be subjected to sensitivity analyses and teéts of
robusthgs . Each htflity index can be set againstgthe total cost forki |

producinz that bundle of outcomes in the cost—effe#tiveness comparisons as

| .

11.1uscr‘7 ed in Levin 1976 and 1981.

. Thus, the analysis of effectiveness for tutoring can include the
! ‘
improvemeﬁts in achievement for both the tutors and their students, relative

" to what their achievement levels would be in the absence of the tutoring .

activity. Reduction in class size can be used to evaluate changes in

-

achievemgnt for the major subject domains, and so on. The basic problem
with this approach is that not all of the evaluations choose to assess ﬁore L.
than one area of outcome, and wheh multiple outcomes are assessed among'
\ interventions, they do not hecessarily ovéflap among studies. For this
reason, the apportioning of costs according to the usL of resources for
producing a single output is probablyla ﬁore attainéblﬁ procedure. Of course,
even this approach assumes that joiPt costs of productién are\minimal.
that is, that the costs of int;rvention can be separated\?ccording to the
portion of thém that are iinked to a particular outcome. \wﬂgther this is
P

realistic is problematic.

Cost-Effectiveness Within Interventions

A final possibility that is being explored with the data is that of
cost—eféectiveness analysis of variants of each model that permit comparison .
both among interventions and within them. For example, the large number
of tutoring Studies may enable some analysis of how both’costs and

i

effectiveness vary as one increases the amount of tutoring, amount of

supervision, training time, and the extensiveness of materials. In the

ERIC D5y
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standard case familiar to economics we have two equations:

B (l) A= f (x'l, xzv x39 x4)

2) ? f plxl + p2X2 + p3x3 +p, X4

(1) corresponds to the standard production function concept in
econamics where the achievement of a student is a function of xl (hours of
Futorihg received), X2 (amount of supervision), X3 (training time for tutors),
and X, (extensiveness of materials). It is aésumed that A is an increasing
function of each‘of the inputs, but that the law of diminishing marginal
returns holds for each input so that at some point the additional achi??ement
for a unit inére;se in each input (holding the others constant) begins to
diminish. In the terminoiogy of calculus, the first partial derivatives are
assumed to be positive and the second are assumed to be negative.

(2) represents the budget equation. G&ven any levei of budget for use
on an interventioﬂ, the entire budget is allocated among the inputs acc&rding
to the expenditure on each input which is determined by its price (p) and the
amount of the input (X) that is utilized. The familiar form of the ﬁroblem
is to maximize 51) subject to the constraints$of (2). The standard solution
that derives from the lagrangian approach to constrained maximization is that
each of the inputs will be utilized until that point where the additional
contribution to A (achievement) for the last uﬁit of X relative to the price

of X will be equal for all inputs as in (3).

(3) f'x £' £' £
1 = 2 = x3 = 4

Py Py, - Py Py
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Using the work of Glass in reviewing the evaluations of tutoring, it
might be possible to make>some estimate of the parameters of (1); on the

4

basis of the cost-analysis we can estimate the parameters of (2). These

%

can then be combined to make estimates of variants of tutoring with respect

to costs and effects of different combinations of the inputs.

Sunmary

The purpose of this report was to suggest how a meta-analysis of costs
could be constructed and combined with a meta-analysis of effectiveness of
" educational interventions to provide a meta-analysis of cost-effectiveness
comparisons. Clearly, this will be a first attempt at bringing together
a wide variety of information from diverse studies in-this form. As such,
it should be considered tentative and provocative rather than definitive.
Yet, if we are to benefit from an accumulation of knowledge that will infogm
policy decisions'within a framework of limited resources, this is clearly

the direction that we must go. A future report will provide the first

estimates using the techniques set out. in this paper.
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